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PEEFACE. 



CoNTiKTJOus brakes fill an important part in the eon- 
duct and working of railway trains, and I have endea- 
voured to contribute my quota of experience in brakes, 
for the division of knowledge and the prevention of 
accidents. The occurrence of frightful accidents has 
received a check of late by the introduction of con- 
tinuous brakes. The use of the block-system and 
interlocking points cannot prevent exceptional cases of 
accidents : the derailment of a train, for instance, by 
the failure of the permanent way. More accidents 
have happened by defective permanent way than by 
any other cause. Such accidents may be repeated, and 
it is therefore imperative that we should be prepared 
for exceptional cases. A train may be fitted with a 
continuous brake, which, whilst the train is on the 
'metals, is all right, but, when the train is off the rails, 
is all wrong. 

I have endeavoured to explain from my experience 
what a continuous brake should be capable of doing, and 
when it is found most useful. I have given cases to 
show that a continuous brake in the hands of the 
driver would, in all probability, have saved the lives of 
passengers who were killed. With such evidence 
before us, every accident which takes place in the 
future with fat^ results will, no doubt, be subjected to 
rigorous investigation. 



VI PREFACE. 

It would be difficult even now to predict how it 
would fare with a railway company who were unfor- 
tunate enough to have a fatal accident on their line, with 
a train not fitted with a continuous brake, seeing that 
there are many kinds of continuous brakes in use. 
Even the worst continuous brake is a marvel of 
improvement on the old system of separate and inde- 
pendent brakes under the control of the driver and the 
guards, worked by the primitive mode of turning 
handles. 

I have endeavoured to illustrate continuous brakes 
for the ordinary reader, at the same time adhering 
closely to technical details of construction for the pro- 
fessional reader. I trust that sufficient will have been 
said on each particular brake to convey at once a 
popular idea of the principle and the relative connections 
of the various parts, and a fairly accurate view of the 
mode of working. 

I have aimed at presenting practical facts, and have 
avoided theoretical rules and formulas. In a word, I 
have found the facts in my railway experience, and 
here they are for the benefit of aU. 

Michael Betnolds. 

March 1, 1882. 



NOTE. 

I recommend for serious study by the railway world this 
work of Mr. Reynolds^ on the subject of Continuous Brakes, 
the text of which I have had much pleasure in revising. He 
has brought together accounts of the leading systems of Con- 
tinuous Brakes which have been tested by practical working in 
this country, and has, in addition, given the benefit of his 
judicious criticism, tempered by experience, which must prove 
valuahle to all who desire to understand the subject. 

D. K. Clark. 
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CHAPTER I. 

INTRODUCTION. 

One of the most important questions of the present 
day is, What can be done to prevent fatal accidents P 

Engineers, from Stephenson downwards, have at- 
tempted, in one form or other, its solution. Time and 
talent and money are needed to make a locomotive go. 
But the engine having been made to go, it became as 
hard a problem how to stop it. Before the stage-coaches 
had left the road, locomotives had commenced their little 
collisions. There was a great outcry against railways, and 
this was due entirely to the fact that, after the engine 
was started and had attained its maximum speed, it 
could not be stopped within a reasonable time and dis- 
tance, and therefore intending travellers were afraid to 
risk their necks. No one can look upon one of our 
modem locomotives going at the rate of 60 miles an 
hour without, in his heart, breathing a prayer for the 
safety of the living freight behind it. 

The railway companies have seen and fairly appre- 
ciated the risks. 
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Improvements have been made in signals, in order 
to keep the trains apart. Every accident which has 
happened has been investigated with great care, and 
has been traced to the indirect cause. The direct cause 
has been, in many instances, entirely ignored, or has 
not been considered of su£Bcient importance to warrant 
its being dragged to the front and saddled with its share 
of the responsibility. If one train collided with 
another, being within the signals, the remedy was to 
fine or discharge the driver for not obeying the signal. 
If the driver succeeded in proving that the signal was 
in an improper position, or was an improper working 
signal, he would get off with a fine ; if he did not, he 
would be discharged. He might be energetic, or idle ; 
he might be trustworthy, or the reverse ; he might be 
skilful, or incompetent ; he might act intelligently, or 
ignorantly. No allowance was made for running past 
a danger signal. This rule was held sufficient to ensure 
exact obedience ; and it no doubt was possessed of effi- 
cacy in maintaining freedom from accidents. But it was 
simply a striking example of the difficulty of detecting 
the nature of the changes which must of necessity take 
place where prevision is required, as regards the safe 
working of a complex system. 

From the very first, one of the exigencies for safe 
travelling must have struck many people. If the 
driver was supposed to be gifted with prevision or f ore- 
<;ast, and was always to shut off steam in time, it was 
only reasonable to expect that the efficient heads of his 
company would likewise possess foresight, and would 
have placed all the brake-power in the hands of the in- 
dividual who they knew could, in almost all instances, 
see the danger in front of him, or would be the first to 
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find out that he had inadvertently kept the steam on 
too long. Even now he has, in some instances, 
no control over the train unless he works at parlia- 
mentary speed. Should he be running at a speed of 
60 miles an hour and see an obstruction in front of him 
a mile off, he may be powerless to stop at it. It will form 
one of the most remarkable pages in the history of rail- 
ways that the whole, or nearly the whole, of the im- 
provements which have been made are the fruit of 
human sacrifices, and not the result of man's long- 
sightedness. 

Who would like to go back to the days when there 
were no signals ; when it was not unusual for a driver 
to oversleep himself, and the train was on that account 
delayed ; when some of the carriages were open at the 
top ; when the driver could stop anywhere and blow 
up the fire for more steam ? The changes which have 
swept these things away have proved of mutual benefit 
to the public and the companies. Here we come upon 
the law of reciprocal advantage, one of the glorious 
principles which, if followed, must lead to prosperity. 

The company which does, to use a common ex- 
pression, what it likes with its own ; which does as it 
pleases with its capital, will sooner or later find itself 
face to face with an antagonistic inexorable law of 
nature, which has for its aim the material welfare of 
all, and is powerfully at work for the progress of all, 
in comfort, in health, in life. 

The world at large knows that a paper war has been 
going on between the Board of Trade and the railway 
companies respecting brake-power relating to pas- 
senger trains. For many years, it has been well 
known that drivers have run into danger with no power 
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to help themselves excepting by applying six wooden 
brake-blocks to the six tender-wheels of the engine. 
To describe what this inefficient brake-power has 
led to, would be to record some heart-rending scenes, 
giving rise to a doubt as to whether the brake- 
power could not be augmented. In many instances, it 
was clearly shown that danger was observed a mile 
ahead, but all the driver could do to avoid a collision 
was in vain. Collisions were palpably the result of in- 
sufficient brake-power, and the Government Inspector 
brought the matter before the Board of Trade. This 
was done in 1858, and what followed was a step for- 
ward, though it was insufficient to meet every case. 
What was done was this ; the companies added more 
brake-vans to their trains ; and in order to economise 
and \eep down the length and weight of the train, 
they constructed what is commonly called a composite 
brake-carriage; having a small compartment for the 
guard, and the remaining compartments for third-class 
passengers. Still, accidents happened, and it was not 
an uncommon thing for drivers to get all the blame, 
the railway officials over him presuming (and it could 
only be presumption, as they were not on the engine) 
that he relied too much on this additional brake-power, 
thereby rendering it of little or no value. But, with an 
increase of brake-power, there was still the necessity for 
arousing the guards to act ; and, if the train was loaded 
with luggage, they had, in many instances, to go from 
one end of the van to the other in order to apply the 
brake ; having been, at the time when the driver saw 
the obstruction in front of him, and gave the signal, 
engaged in sorting letters and parcels. Much time 
was thus lost, just when it was required ; and, although 
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the means were at hand, if promptly used, of stopping 
the train, yet, for want of concentrated action on 
the part of those in charge of the train, many valuable 
lives and much property were destroyed. 

Public opinion was brought to bear upon these 
lamentable failures of duty towards confiding travellers. 
Failing to place a brake under the control of the 
driver, by which he could have full power over the 
train, many companies were nevertheless induced to 
move the distant signals farther from the stations, so 
that the driver should have a greater distance in which 
to pull up. 

The time in which a train could be pulled up was 
not considered of any great importance. It was the 
belief of many officials at one time that, to put the 
whole of the brake-power into the driver's hands was 
simply exposing the whole of the stock to be smashed 
to atoms in the course of a very little time. It was 
said that the driver would run past stations and junc- 
tions, and drive to Jericho, or somewhere worse. It 
was looked upon as madness ; the guards made all 
sorts of objections; and out came the block-system 
rather than that all control should be given to the man 
at the head of the train. He was considered a man of 
a doubtful sort to have control. By such a course, 
power was taken from the departmeiit represented by 
the guard, and transferred to the one which did all the 
work and wore no buttons. 

But, notwithstanding the introduction of the block- 
system, the tide of reform which had already set in in 
some quarters was destined to cover a greater area than 
ever. It became evident that something more was de- 
manded than signals to arrest a derailed ivd^n in order to 



6 CONTlNUOrS RAILWAY BRAKES. 

prevent its dashing into a stone bridge or into a chasm. 
The companies could no longer resist the fact that it was 
an awfiil and dreadfully wicked thing to hurl their pas- 
sengers into eternity through want of stopping power, 
especially as the power was in the market for them, 
to be bought if they chose. 

Under the gentle stimulus of the Board of Trade, 
backed by the power of the press and of public opinion, 
the companies were invited to make a show of brakes 
at Newark, in 1876, for stopping trains within a rea- 
sonably short distance. This was the desideratum, in 
case of a sudden accident, such as a waggon-axle break- 
ing, or a passenger train being placed in immediate 
danger by a goods train crossing the line, as at Carlisle 
and other places, or a train being thrown ofE the track 
by a broken rail. 

The experiments made at Newark, hereafter des- 
cribed, were of an interesting character. The interest 
excited was not by any means confined to engineers, as 
it affected the future working of railway trains, and the 
safety of the travelKng, public, who were as desirous as 
the railway officials to possess the best means for dimin- 
ishing the number of accidents. These means have 
chiefly reference to the employment of powerful brakes 
called continuous, by which brake-blocks can be 
applied to all the wheels of a train, entirely under the 
control of the driver and guard, powerful and rapid in 
action, and at the same time distributing the power to 
all the wheels, and diminishing the wear to which 
rolling-stock and permanent way are subjected by 
stopping trains. 

Circumstances may. arise which would necessitate 
immediate action on the part of the guard, inde- 
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pendently of the driver, such as the breaking of an 
axle, a carriage leaving the rails, a signal from a 
passenger, or a train on fire. Thus, the whole of the 
brake-power is occasionally required by the guard. 
Again, the engine might break away and leave the 
tender ^nd the carriages behind to follow it, perhaps, 
down a steep incline, with no one to stop it but the 
guard. Should it be dark, he might not be aware of 
what had taken place at the front of his train. There- 
fore, the whole of his brake-power should be self-acting 
and capable of bringing a train to rest, A train may 
part asunder in the middle at high speed when running 
over the back of a bank, or running down a descending 
gradient. In the second cAse, the rear portion may 
overtake the front portion. Accidents of this kind, 
although rare, are very violent in their character, as 
there is a repetition of collision. Therefore, in these 
cases, also, the brake should be automatic or self-acting. 
A train m^y start from a terminus with the brake in 
good working order, to all outward appearance ; and, 
when under steam at 60 miles an hour, a cow may be 
seen on the road, and all at once the driver or the 
guard — whichever first may see the cow — finds that 
the brake is out of order. He finds, also, that the 
train started with it out of order ; and therefore the 
brake must be its own tell-tale before starting. It 
might tell its tale by arranging that whenever or 
wherever a train or a carriage is separated from the 
engine the brake shall be found " on." This will 
necessitate the driver taking it "off*' before starting ; 
and consequently he will know before he naoves his 
engine whether the brake is in complete order, and 
ready to act when required. 
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There Is another point. The efficiency of the brake- 
power varies with the number of wheels furnished with 
blocks ; for If two or three carriages not fitted with 
blocks are coupled on, either In the middle or at the 
end of a continuous-brake train, the distance run after 
the application of the brake will be augmented in 
consequence. Such a train is not, then. In the literal 
sense of the expression, fitted with a continuous brake. 

We have briefly explained why the question of 
brake-power has in recent years become a topic of 
universal discussion, and we have traced its being to 
the law of progress — a law which cannot be Ignored by 
any body of men who profess to be the servants of the 
public. They have to swim with the tide which is 
bearing the nation onwards, covering and destroying 
old theories and revealing new ideas. 



CHAPTER II. 

EARLY BRAKES ON RAILWAY TRAINS. 

It would indeed be an impossible task to say with whom 
the honour rests of having invented the first brake. 
Like all great inventions, it is claimed by many, for, 
when a want is felt, the minds of many men are directed 
towards supplying such want. Let one man die or 
give up the pursuit, and another is raised to take his 
place, or perhaps is doing the same thing elsewhere. 

The custom is to sneer at all early attempts, which 
in their crude form may be very insignificant-looking. 
It is difficult to apportion the due share of merit which 
belongs to mechanical inventors who are accustomed to 
work in some instances upon each other's hints and 
suggestions, as well as by their own experience. 
"There is nothing," says Hawshaw, "really worth 
having that man has obtained, that has not been the 
result of a combined and gradual process of investiga- 
tion." The first idea, bom within some unknown 
brain, passes into other brains, and at last comes forth 
complete. 

One starts an idea, another develops it, and so on 
progressively, until at last it is elaborated and worked 
out in practice ; but the first, not less than the last, is 
entitled to his share in the merit of the invention. 



10 CONTINUOUS RAILWAY BRAKES. 

Soinetimes a great original mind strikes upon some 
new vein of hidden power; but more frequently 
inventions are not entirely new, but are modifications 
of contrivances previously known. Inventions may come 
before their time. The advanced mind projects some 
idea which cannot be executed until the next genera- 
tion, either through the want of the requisite means, or 
because there is no demand for that particular kind of 
invention. Many of the greatest inventors have lived 
neglected and died penniless, and in their lifetime they 
secured nothing, excepting dry bread, envy, malice, 
and detraction. It is worthy of notice that, of those 
whose names are rescued from oblivion and recorded 
in the immortal page of the world's history, most 
walked forth into the world from places only a shade 
better than hovels, clad in corduroy, and grimed with 
soot, with a strong smell of ill- fare about them. The 
names of many are lost. Who invented the brake ? 
As a matter of history, it is necessary to mention that 
brakes were employed before the railways were worked 
by engines. When horse-power was employed to draw 
waggons from the coalpits to the quays, the maximum 
load for each horse was three tons; and where any 
declivity more than usually steep, termed a '^run," 
occurred, the horse was hooked off and the waggons were 
retarded by a hand-lever. For a long period of time, 
no attempts were made to counteract the rapid descent 
of the waggons or carriages, as they were then (1796) 
called, except by means of hand-levers and ropes. The 
ropes were used on each side of the front waggon by 
the waggoner Sy being extended across the front; but the 
men often failed to stop them, and the result was the 
occurrence of many sad accidents. Incredible as it 
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may appear, work was suspended and the trains did 
not run when the rails were wet and slippery ; so that 
it was all sunshine work, barring accidents. Sometimes 
horses were required to check the yelooity of the wag- 
gons, but the momentum overpowering them, they 
were almost sure to fall, and horse and man were 
frequently killed outright, or left maimed for the 
remainder of their lives, by being dragged down the 
declivity or incb'ne. ' To prevent such accidents, and to 
utilise the periods of time lost by slippery rails, Mr. 
Le Caan, of Llanelly, in Carmarthenshire, constructed 
a brake of great simplicity, which, at the time he 
exhibited it, was attached to a common cart used 
upon rails. This 
brake was after- 
wards applied for 
checking or stop- 
ping carriages 
under the circum- 
stances already 
mentioned, and was very successful in its application. 
It was described before the Society of Arts in 1801, 
and received the notice which is generally accorded to 
original inventions. 

The brake is illustrated by Fig. 1. a represents the 
brake-block, which, let it be particularly noticed, was 
of cast-iron, not of wood, pressing against an iron tyre ; 
the block was made a little broader than the tyre of 
the wheel, so that the wear should be equalised across 
the whole of the tread, and it covered half the circum- 
ference of the wheel. The top of the brake turned 
upon a pivot, S, fixed over the centre of the wheel. 
The lower part was connected by a strong chain, c, to 




Fig. 1. — Le Caan's Brake. 
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the shaft dy which was jointed at e to the frame of the 
cart or waggon. When the horse was upon his legs, 
the shaft, chain, and brake were in the several posi- 
tions shown by the dotted lines at /, g, S, the brake 
being then quite clear of the wheels, as well as the 
rails. When the horse falls — ^these are the inventor's 
words — the shaft takes the inclined position shown at 
dy and the iron brake-block, by its weight, is thrown 
under the wheel. The rolling mcrtion is changed into 
a sliding one, and the skidding of the wheel either 
stops the descent of the carriage or retards its progress 
sufficiently to prevent the horse being injured or mor- 
tally wounded. After reading the description of this 
brake, one is almost disposed to accept the words of 
Chaucer as true, that " There is nothing new but what 
has had time to get old ; '^ or, as another writer puts it, 
"There is nothing new but what has before been 
known and forgotten ; " or, in the words of Solomon, 
** The thing that hath been is that which shall be, and 
there is no new thing under the sun." 

After a lapse of half a century, brake-blocks of cast- 
iron were the other day a kind of wonder, and they 
engrossed attention as being of modem invention. Be 
that as it may, we will snatch Le Caan's name from 
oblivion, for his brake is, or rather was, the father of 
all others, and he must have possessed the faculty of 
invention in no ordinary degree. There are many who 
can seize upon and develop the ideas of others, who 
are never able to conceive an original idea for them- 



By a long succession of experiments, this brake of 
Le Caan has been improved, and, as seen in the 
present day, there is scarcely a point in it which has 
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not formed the subject of a patent. But to the gifted 
individual who conceived the idea of regulating the 
pressure of the block against the face of the wheel by 
means of a screw, belongs the merit of having achieved 
no ordinary result, for under his system we have the 
value of its application and the value of the power ; 
and, for some time, nothing will supersede it as a 
manual retarding force — a hand engine of great 
power. 

But this hand-brake was not applied to the earKer 
locomotives, nor was it required, for the plain reason 
that the engineers were putting projecting heads of 
nails or bolts in the rim of the wheels, and the friction 
between the road and the wheel was sufficient to over- 
come the action of gravitation on the inclines, and 
when, after the lapse of some years, it was found out 
that smooth wheels had sufficient "bite" on smooth 
rails, to effect a progressive motion, the power of the 
engine was absorbed in moving itself and its load. 
There was in fact no accumulative force in reserve to 
necessitate the use of a retarding power, and none was 
used. The resistance to motion was nearly on a par 
with the force to produce it ; and this was the " mor- 
kin'' that checked the use of locomotives at first about 
Wylam ; and the origin and sole cause of its final suc- 
cess was due to the reduction of what may be termed 
internal friction in the engines. The cylinders were 
bored put, their position in relation to the crank was 
improved, and a deal of dressing was constantly going 
on; and these ameliorations played so conspicuous 
a part in the front, at the back, and sides of the 
machine, that it was often made to spring ahead a few 
yards when the regulator was open. Instead of an air 
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of unwieldy massiveness^ it had the marks of go about 
it. But the brakes were minus^ and it became of 
essential importance to be able to arrest the progress 
of an engine. It was a new idea^ and in spite of the 
objections, which were many, the awkward fact that 
the engine had become too smart in its movements, led 
to the use of ordinary hand-brakes. There can be no 
question about the Stephensons having heads like a 
carpenter's shop ; nor of their self-consciousness in all 
matters affecting their wide-spreading popularity, and 
so they set to and schemed a brake which was before 
all others of its class, and it is the origin of the brakes 
which in the last few years have been doing such good 
service on engines as train-stoppers — that is, the steam- 
brake. Mr. Robert Stephenson, under a patent dated 
7th October, 1833, " proposed to employ the force of 
steam upon pistons or plungers in small cylinders ; so 
that, when it is required to stop the train, it is only ne- 
cessary to turn a small cock, which allows the steam to 
flow instantaneously through a pipe into the cylinder, 
and by its pressure on the piston give motion to a 
system of levers, which cause two brakes or clogs to be 
forced against the peripheries with great energy, and 
to arrest the motion of the vehicles very quickly. 
These clogs, or brakes, and their mode of action, are 
shown in the side elevation. Fig. 2. a is the hollow 
cylinder into which a plunger is fitted, to act by a lever 
and an upright rod upon the two brake-blocks, dy d, 
which are suspended by pendulous links from a centre 
pin or bolt fixed to the frame. The brake-blocks are 
caused to apply to the tyres of the wheels k and m, by 
means of links, which are interposed between the two 
brakes, and which links, when put down into an angle, 
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as shown, leave the brakes free of the wheels ; and 
when, by opening the steam-cock c, the steam from the 
boiler is admitted through the p pe 6 into the hollow 
cylinder «, it raises the plunger therein; and the latter, 
by its lever and rod, draws up the links towarda a 
straight line, when they force the two brake-blocks 
apart from each other, against the wheels k and m, with 




Fig. 2. — Stephenson's Steam-Brake. 

multiplied force. When the handle of the cock c is 
turned the other way, it allows the steam to escape 
from the cylinders into the open air.*' A vast amount 
of experiment and calculation was expended on this 
design with no material eflfect, except to deter others 
from imitating it. The reason is not far to seek. Ste- 
phenson applied the steam-brake on the left side of the 
engine only, and did not by connections apply it to the 
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wheels of the right side, which omission would obvi- 
ously cause the engine to make a movement similar to 
that of a ship when the helm is ported. That is, sup- 
posing that the engine could leave the rails and run on 
the ground with a brake-pressure on the left wheels, 
she would describe a circle, and therefore, on a straight 
piece of road, would be liable to leave the rails. Ste- 
phenson knew that, on such an arrangement, there 
would be great lateral pressure of all the flanges against 
the rails on the brake side, and therefore he removed 
the flanges from the driving-wheels, or rather did not 
put flanges on the driving-wheels of the first engine 
that he fitted with a steam-brake. So the objection 
was partially overcome. To bring home the impression 
of one other essential objection, imagine a crank-axle 
erected on one end and loaded at the other with a fly- 
wheel making two hundred revolutions a minute, sud- 
denly breaked through a powerful lever at the lower end, 
and massive as a crank may be, we can easily imagine that 
a considerable amount of torsion or twisting must take 
place amongst the fibres of the material before it is 
brought to rest; and if it were not strained beyond the 
limits of its strength, it certainly would be injured, 
and therefore it would not be a matter of surprise if 
this steam-brake increased the scrap ruck. Again, the 
*' buffing" apparatus resorted to at that period of time 
was in its childhood, and although, on the Manchester 
line, it consisted of a series of rods and elliptical springs, 
it had a wide range of action. In the first place, the 
buffer-rods extended two feet beyond the framing of 
the carriage, and, as illustrated by Fig. 3, they were not 
coupled together. It was thought that, if one carriage 
had a swinging lateral motion, the others would catch 
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it. The elastic force of the spring was adjusted so that 
it could take up the resistance of the carriage slowly, 
and so as almost to be imperceptible to persons sitting 
within it. The 
following car- 
riages in the 
train were, by- 
similar "nurs- 
ing," brought 
from a state of 
rest into mo- 
tion at a speed 



Fig, 3. — Slack Coupling. 



of 20 miles per hour. When the steam-brake was put 
on — as some drivers do put it on — the folks were very 
unpleasantly jostled together, first ahead and then 
back ; and the concussion was not in any way adapted 
to induce people to patronise the line. 

Various attempts were made to get over the diffi- 
culty, all imder letters patent ; and it is iateresting and 
amusing to know that close-coupling was the subject of 
a patent in 1835, until which period the carriages were 
left apart. Mr. Booth's patent is illustrated by Fig. 4; 
aaia the connecting coupling, consisting of a double- 
working screw. It is too well known to need to be 
further described; but it is shown here to illustrate the 
means which have been at work to produce combined 
steadiness and smoothness of motion, and so to reduce 
the number of accidents. The radical action of Ste- 
phenson's steam-brake was not regarded as a safe 
adjunct to railway machinery, and the ingenious Mr. 
Booth, who was secretary of the Liverpool and Man- 
chester Railway, patented a diflFerent contrivance for 
checking the speed of the engine or stopping it alto- 
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gether In case of an accident. He introduced a throttle- 
valve into the exhaust- steam pipe, or blast-pipe. From 
this valve a rod extended to the footplate for the con- 
venience of 
the driver ; 
and if he bad 
tied a piece of 
string to it 
it may have 
been made 
convenient for 
the guard. By- 
moving the 
valve by 
means of the 
rod, the blast- 
pipe was par- 
tially or alto- 
gether closed; 

and the driver when he wished to stop, without shutting 
off the steam, had only to contract this throttle- valve, or 
close it, in order to skid the driving-wheel : a result 
which was caused by the back pressure on the piston. 
The train could by this means be checked at pleasure, 
provided that the driver contracted the exhaust-pipe 
judiciously ; but it is a well-known fact amongst rail- 
way men, that while nine men in ten may use and not 
abuse a good idea, the tenth man may bring it into 
disrepute, and even into disuse, by using it igriorantly. 
Here we have two distinct systems of brakes, both of 
fchem very powerful but badly applied. The steam- 
brake should have been applied to both sides of the 
engine, and it should have been put in the power of 




Fig. 4.— Booth's Tight Coupling. 
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the driver to have locked the wheel with it. In fact, 
it is a mistake to place a brake in the driver's hands 
that can lock the wheels. It may be tested and found 
capable of doing what is wanted, just as a locomotive 
boiler is tested and is found capable of standing a 
pressure double the working pressure. But no one 
thinks of letting a driver work a boiler at a maximum 
pressure to wear it out. Why, then, allow the driver 
to wear the wheels into flat places, and wear out the 
blocks P Every fireman knows that by a few sudden 
and smart applications of the brake-blocks to the 
wheels, followed by the application of a constant mode- 
rate pressure, he can stop a train much more quickly 
than by skidding the wheels. As regards the throttle- 
valve in the blast-pipe, it should have been made so 
that it was impossible, at any rate of speed, to arrest 
the pistons of the engines by closing it. The conse- 
quence of skidding the wheels was a loss of retarding 
power, or a loss of friction. 

Friction is the resistance experienced when one body 
is rubbed upon another body. Friction, while it does 
not increase with the extent of rubbing surface, in- 
creases with the velocity. The friction generated 
during each revolution of a wheel is the same with a 
given constant pressure of the brake-block, whether the 
wheel makes two hundred or four hundred revolutions 
per minute. In the latter case, however, there are 
twice the number of revolutions made that there are in 
the former case ; and therefore, though the friction per 
revolution is the same, the friction per minute is 
doubled. If a brake is suddenly applied the number 
of revolutions of the wheel per minute are rapidly re- 
duced, and also the amount of friction ; and if the brake 
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is suddenly released the rotation of the wheel increases 
until it makes the same number of revolutions per 
minute as the unbraked wheels. We again apply the 
brake to the same wheel, and instead of applying the 
block to a surface traversing at the same rate as before, 
when the brake was taken off, the surface revolves at a 
higher rate, and there is an increased development of 
friction-surface. 

It does not signify how smooth two rubbing surfaces 
may look to the eye. They are rough ; if you will, 
they are as rough as a rasp. Imagine two such rasps, 
called, one of them a wheel, and the other a brake- 
block; the former in n^iotion, the other fixed. The 
touching points of one surface must mount upon those 
of the other, and a number of such little obstructions 
must act as a retarding power. More or less of this 
will depend upon the pressure which forces the two 
surfaces together, causing them, so to speak, to partly 
interlock. But they wrench themselves asunder. Ad- 
ditional pressure is applied, and then they are pressed 
so closely together as to effect a final hold of each other, 
owing only to the adhesive power of the metal. The 
wheel skids ; friction is proportionate to the number of 
these touching points, and the force which presses them 
together. The number of touching points between the 
surface of a brake-block and the wheel are exceedingly 
more numerous than the touching points between the 
tread of the tyre and the rail ; and when a wheel skids 
the rail becomes a brake-block, and the total weight sup- 
ported through the wheel by the rail is the pressure which 
forces the wheel and the rail together. It is obvious, 
that in proportion as the two surfaces are dissimilar, 
so is the element of firiction, and the retarding force. 



CHAPTER III. 

CONDITIONS OF A PERFECT BRAKE. 

We were able to travel as fast thirty years ago as at 
tte present day ; but we have now, in the year 1881, 
accumulated experience in proof that by running as 
fast without the means of pulling up more quickly 
than formerly, we are not working so safely. There is 
an increase of traffic, which means more trains, more 
wear and tear, both to vehicles and to the permanent 
way ; and, therefore, we are liable to more fatal acci- 
dents. It is consequently necessary to seriously 
consider the best means for quickly reducing the 
momentum of fast trains, and it is only within 
the last few years that we have really thought of 
abandoning the rude and primitive contrivance of 
turning handles in different parts of a railway train 
for a more mechanical plan of applying brake-blocks 
to every vehicle in the train. 

It is extraordinary that this plan was not adopted 
at first, or that the speed of trains was not curtailed by 
Act of Parliament. It was in consequence of the want 
of better means of applying brake-power, that the 
signal arrangements have become so compKcated, and 
signal-boxes placed here and there on the side of the 
railway embankment ; with the disadvantages of extra 
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outlay and of diflBculty and uncertainty in working ; 
of the signals being placed out of sight of the signal- 
man, and of employing electric repeaters in the cabin 
to indicate whether the arms of the signals are work- 
ing, and that special brake-vans are employed, with 
extra guards. All this means an enormous amount of 
increase in risk. For want of a larger proportion of 
brake-power, much time is lost on every journey, and 
engine-drivers are compelled to slacken speed at long 
distances from points of stoppage. The more frequent 
the stoppages, the greater is the time that is thus con- 
sumed. It is well known that, of many of the railway 
accidents of magnitude that have hitherto occurred, 
the origin was to be found in some train losing time. 
This cause is chiefly applicable to the drivers of goods- 
trains, who lose time in stopping a train of 40 waggons 
by having no other means than a hand-brake on the 
engine, and by the guard applying his brake on only 
four wheels of his van. 

There is no doubt that we are even now going to 
work in an odd sort of fashion. If goods trains have 
been the cause of nearly all accidents, one would think 
that we should try and get them out of the way or off 
the road sooner, by applying more brake-power to them. 
We are doing nothing of the sort ; the goods are where 
they have always been — crawling along ; in fact, the 
goods trains get worse and worse. Although the fact 
has been patent that the number of accidents can be 
enormously lessened, if not totally extinguished, by 
employing continuous brakes, yet there is no other 
subject so hotly contested in the railway world at the 
present moment as to how to do it. Not only is there 
diversity of opinion, but there are also prejudices, and 
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feelings, and interests at stake, which tend to prevent 
the plain truth from heing agreed upon. Each Board 
of Directors has confidence, more or less, in its own 
technical officer, and looks at the matter through his 
opinion or his written report. These officers according 
to their opportunities, their special knowledge, their 
qualifications, or their experience, have formed honest, 
and, in many instances, very different opinions. 

As in the construction of engines, and in engine 
work, each engineer has his own design, so also he has 
committed himself confidently to some system for stop- 
ping his trains. Now the first condition required in a 
good system of brakes, is the means of applying it from 
the front, from which position danger is, as a rule, 
first seen. It is the engine-driver's duty to regulate 
the speed, to look out for signals or obstructions, to 
bring the train to a stand at the required point in a 
given time — in fact, to act with promptitude ; in a case 
of emergency to have the train under his control. 
Having the responsibility, he ought clearly also to have 
the power of directing the movements of the train, and 
be able to reduce the speed or to increase it at his dis- 
cretion. When he sees danger ahead, he ought not to 
be obliged to trust to the guard to apply his brake, for 
he might be dead or asleep. In reply to a warning 
from the engine-whistle, no fact is more certainly 
established, than that the guard, after the train, is 
stopped, tells the driver he did not hear the whistle. 

As one of the very numerous instances of the want 
of immediate action on the driver's part, we may 
mention a case which occurred on the Somerset and 
Dorset Railway. In this instance, an up-passenger 
train for Bath was travelling at a speed of 35 miles an 
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hour, when the leading wheels of the engine left the 
rails, owing to a defect in the permanent way. The 
engine ran thus for 200 yards before the driving-wheels 
left the rails. It then turned over on its side at a point 
240 yards from the point of first disturbance. The 
engine-driver was killed, and the fireman and the guard, 
who narrowly escaped with their lives, were severely in- 
jured. If the driver had been al)le at once to apply a 
continuous brake throughout the train on finding the 
leading wheels of the engine off the rails, the train 
might have been pulled up with scarcely any damage, 
and no one might have been killed or injured. The 
engine-driver should be able himself to bring imme- 
diate action on the train when necessary, by some 
process easy to himself and always certain in its effects. 
Another condition indispensable for a good system is 
that the guard should also have the power of setting 
the same force into immediate action when required — 
on the failure of a wheel in the centre of the train, or 
when one of the passengers is endeavouring to escape 
from an assailant Not many years ago, a young lady 
rode on the step of a carriage for some miles before the 
guard who saw her could command the driver's atten- 
tion. 

Again, a good system includes automatic action ; 
that is, in case of the failure of a coupling-spring, axle, 
or tyre, so as to cause the train to part asunder at or 
near the middle, the separation of the train should 
bring about the immediate action of the brake without 
the intervention of the driver or the guard. 

In order that this condition may be properly com- 
plied with, each carriage must carry its own brake- 
power, and it should not be dependent upon power 
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supplied from any other vehicle. The necessity for 
this condition has been proved in numerous instances. 
Two of the most serious accidents in this country as 
regards the number of deaths caused by them, occurred 
in consequence of the fracture of a coupling and the 
running back of carriages down inclines, those namely 
at Brierly Hill, on the Oxford, Worcester, and Wol- 
verhampton Railway, and at Helmshore, on the East 
Lancashire Railway. At Morpeth, in consequence of 
the defective condition of the permanent way, the 
train left the metals and parted asunder. The rear 
portion drove at a speed of 25 miles an hour into the 
front portion, and three carriages were so utterly de- 
stroyed as to be undistinguishable. The wheels of one 
of them, together with the remains of a passenger, were 
taken out afterwards from the tank of the tender, into 
which they had been driven. Five passengers lost 
their lives. 

Without multiplying instances, it is sufficient to 
state that hardly any accident of a serious character 
takes place with separation of the couplings between 
the vehicles, in which it would not be an all-important 
advantage for each carriage to act for itself at once with- 
out waiting for the driver or the guard to act upon it. 

This desideratum will be easily understood when it is 
remembered that the destruction to the vehicles and 
the loss of life to the passengers on such occasions is 
commonly caused by the hind carriages running for- 
ward, when on a descending incline, with accumula- 
ting momentum upon the front carriages. Another 
feature of a good system is that it must be its own 
tell-tale. This, in the eyes of an engineer, appears just 
as necessary as to have a steam-pressure gauge on a 
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locomotive-boiler. Under a bad and rotten system, 
a train may be started with the brake-apparatus not 
coupled up, or with its parts out of order, unknown to 
the driver when he starts on a journey ; and he may 
only discover that his brake is defective when he finds 
that the floods have washed a bridge away and he 
wants to pull up the train before the engine and the 
train can go down and drown the passengers. 

Another important condition of a good system is 
promptness of action, or application with the full 
pressure of the blocks to the wheels within a few 
seconds. The necessity for this requirement will be at 
once realised when it is remembered that, in one 
second, a train travelling at 60 miles per hour 
passes over 88 feet ; at 45 miles an hour, 66 feet ; and 
30 miles an hour, 44 feet. A train travels 100 yards, 
at 60 miles an hour, in 3*4 seconds; at 45 miles, 100 
yards in 4-6 seconds; and at 30 miles an hour, 100 
yards in 6*8 seconds. When an accident occurs in 
which a carriage leaves the rails by failure in any 
portion of a train, it may be of great, and even of vital 
importance, immediately to reduce the momentum of 
every part of the train, and every extra second 
expended before this action is commenced may involve 
a case of life or death. 

When an engine-driver observes an obstruction 1 00 
yards or 200 yards in front of him, the instantaneous 
application of his brake will, if it cannot prevent, 
materially reduce the damage caused by collision. It 
will save the passengers from injury, and will avert all 
risk of the subsequent rebound of the buffers, which is 
often the cause of the worst damage — even when a 
collision ensues. 
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At the collision at Saltney, on the Great Western 
Railway, where the engine-driver of a passenger train 
was warned hy an engine-driver travelling in the 
opposite direction of an obstruction in his way in the 
dark, 328 yards from him, caused by some waggons 
having, in the process of shunting, been thrown from a 
siding; the passenger train might, by the instantaneous 
action of a good continuous brake, have been stopped 
within the distance. 

Another point of great importance is simplicity of 
working, which is a different thing to simplicity of 
construction. At the opening of a mine or a water- 
works or pumping station, we sometimes read of Lady 
Puff having taken hold of the starting lever, and, 
by a gentle pressure of the hand, put the whole of the 
gigantic machinery into motion. Nobody will deny 
that there is a vast amount of complication in the 
machinery, in the parallel-motion, valves, and conden- 
sers. In fact, beneath the floor there seems no end of 
bell-crank levers, buckets, cocks, and spanner handles. 
But there is a remarkable contrast in the working, it is 
in fact so simple that a child can start or stop the 
movements. 

Even so with a brake. Whatever its construction 
may be, one thing is certain, and that is, it must work 
with great simplicity. Simplicity as regards the 
application of railway brakes is not obtained by the 
system now more commonly employed of turning 
handles and twisting oneself into an uncomfortable 
position. There is not only hard and laborious work 
required to put the brake " (?;^," but there is a second 
dose of strength demanded to take it " off^^ again when 
reqidred. The operation is barbarous and out of place 
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in these advanced times, when an ounce of steam can 
do the same thing in less time, and do it better. 

Lastly, the workmanship of a good system must be 
of the very best. A brake is a life-saving apparatus, 
and therefore the materials must also be of A 1 quality, 
to stand knocking about, and to be eminently durable. 






CHAPTER IV. 

THE SCREW-BRAKE. 

The application of the steam-brake was not generally 
entertained, as the question arose whether, in the hands 
of the drivers, it was not holding out to them an in- 
ducement to convert into a source of danger what was 
intended to be used for public safety. Men will never 
be otherwise than fallible, and, in view of this, railway 
companies have always reduced in all ordinary cases 
what might be a risk of accident to a possible risk of 
delay. When the sheet-iron screen for drivers on the 
locomotive engines was first talked about, any one who 
had courage and sense enough to express himself in 
favour of its general adoption, was put down a notch 
by the argument that, without screens, even when the 
driver has a full view of the traxjk, accidents of a 
serious kind occur, and what indeed would be the result 
if you lull the driver into false security by warmth 
and comfort within a ** cab." To speak mildly, it is 
an abominable idea. This was the opinion of the 
majority of the Stephenson-made engineers. The 
yoimg men, the second generation, were more advanced. 
For years, the guard rode outside on the top of the 
carriage, where he was supposed to see over the engine, 
and to see everything before his train, but this outer 
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barbarism cut the men's eyes out with engine-coke, and 
the priming marks made him a black-and-white spot- 
ted non-conductor. He was too blind to give attention, 
and too black for refinement. 

At last, after a good deal of " bowie knife *' work, 
the young blood had the best of it, and the man was 
placed inside, but it was believed by the older officials 
to be the beginning of an ingenious invention for pro- 
ducing caoutchouc jaws, glass eyes, silver cranium, 
platinum noses, and artificial arms and legs by the 
dozen. A ludicrous effect was produced by a dcetch 
in which the driver is represented rapping, by means 
of a brass knocker on the guard's van door, and pulling 
a side bell, in order to inform the guard that they were 
in front of a bull on the line, and would he please give 
instructions what was to be done. 

It illustrated human nature out in the cold, and in 
the full force of the storm, looking with envious eyes 
on another as snug as a passenger. 

The argument has been put forward over and over 
again that the brake-power should be distributed 
between two or three men in different parts of a train ; 
and, wholly or partially, this opinion has prevailed. 
But, when collisions have occurred from trains entering 
stations at too high a speed, the guard has as often 
accused the driver of running too recklessly, as the 
driver has accused the guard of neglecting the 
brake. 

As a matter of fact, the screw-brake was relied upon 
in preference to the steam-brake. Experiments were 
made on the East Lancashire and Lancashire and York- 
shire railways by Mr. Newall and Mr. Fay to make 
the screw-brake continuous, and brake-blocks were 
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applied to every wheel in the train. A coiled spring 
was put into compression by the action of the guard in 
the carriage before the train started; At any time 
afterwards, if the brakes were to be applied, the guard 
had merely to release the springs, and the whole of 
their power was at once put upon the wheels. 

In this way screw-brakes were made continuous 
and instantaneous in action, but they had the cardinal 
defect of being in the wrong hands, namely, that of the 
guards, instead of being in the hands of the drivers : 
notwithstanding the glaring fact that the driver of a 
stage coach had the brake-power placed so that he 
could apply it at his pleasure. 

How ridiculous it would have been to have heard 
the driver shouting to the conductor, *' Hold on ! hold 
on ! we shall be in the ditch ! " However, as a matter 
of historical accuracy, the screw continuous-brake was, 
when made continuous, a very powerful train-stopper, 
and that in advance of all others. It consisted of a 
shaft extending from one carriage to another, the 
revolutions of which screwed up the blocks upon the 
carriages to which they were applied. This shaft is 
put into operation by means of hand-gearing in the 
brake-vans ; and it may, therefore, be considered merely 
as an extension of the old hand-system, converting the 
carriages into so many brake-vans, all of which are 
placed under the control of the guard, who, when 
putting his own brake on, applies also those on the 
carriages. It is evident that, in order to exert his 
power effectively throughout an entire train of, say, 
200 tons weight, a considerable quantity of gearing 
would be required to multiply the power to the extent 
necessary for forcing the blocks against the wheels. 
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This occupied some time, and while the power was 
being accumulated, time was being lost in stopping. 

But the results obtained had never been exceeded 
before. This form of screw-brake was employed with 
unique advantage on railways with inclines ; and, in 
fact, many companies applied it — some to the whole 
train, others to only two or three carriages ; but the 
system of placing the brake-power in the second horse- 
man's hands instead of in the first horseman's hands 
absorbed seventy-five per cent, of its value. So much 
for fancy and prejudice. 

It has already been mentioned that the screw-brake 
could be brought into action by means of coiled springs, 
and that it had the advantage of rapid application : but 
it required constant adjustment to insure tiiat the blocks 
should touch the wheels simultaneously, and should 
act with equal force. It will be seen that many of 
the conditions required of a good brake are not fulfilled 
in the continuous screw-brake. The chief defect is the 
fact of its being employed by the guard only ; and 
there is the defect that it is not automatic, which 
is a most important principle of action where there 
are steep gradients. 
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CHAPTER V. 

CHAIN-BRAKES. 

Chain-Brake No. 1. 

The advantage of a continuous-brake was clearly 
demonstrated by the efficiency of the screw-brake for 
ordinary working. 

It possessed much greater retarding power than any 
previous brakes ; and this fact set men thinking, for it 
supplied the means of stopping quickly ; and where 
there were many stoppages to be made, it enabled the 
driver to run more quickly up to a stopping station. 

There was another thing, when hand-brakes were 
used, say, in the front- van and the rear- van of a train : 
the wheels of these two vans required to be taken out 
about every eight or ten weeks to be turned up in a 
lathe, in order to remove the flat places made in them 
by skidding, and to restore the tyres to circular form. 

The great destruction, not only of the wheels them- 
selves, but also of the carriages and the rails, and the 
loss of the use of the carriage, were evils which were 
largely reduced by the use of continuous brakes, by 
means of which a lighter pressure was put on more 
pairs of wheels than previously. The railway officials 
were not slow to appreciate this advantage, from a com- 
mercial point of view, and a chain-brake was invented 
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by Mr. John Clark, consisting of a chain running 
underneath the carriages and passing under and over 
pulleys. 

One end of this chain is secured to the end of the 
furthest carriage upon which it is required to exert its 
influence, and the other to a revolving shaft on the 
brake-van. This shaft carries a friction-drum which, 
being put into motion, winds up the chain, and thereby 
the levers on each carriage are raised and the brake 
applied. On the axle of the brake-van is also a friction- 
drum, and in order to apply the brake, it is only neces- 
sary to bring the two portions of the drums into 
frictional contact. The chain is wound up on the 
shaft, and the brake is thereby applied. The brakes 
are put into operation by the guard by means of a 
weighted lever, which, being released by the trigger 
supporting it, brings the two frictional surfaces of the 
drum into contact. It will be seen that, having simply 
to release the trigger, this brake is capable of very 
quick application. At 60 miles per hour, a 3 ft. 
6 inch wheel makes 7*3 revolutions per second ; and sup- 
posing the friction-drum to be of the same diameter, and 
the shaft upon which the chain is wound to be 4 inches 
in diameter, one foot of chain would be wound up 
for every revolution of the shaft, or 7*3 feet per second, 
provided there was no slip in the friction-drum. If the 
slack amounted to one foot upon each carriage, the brake 
would therefore be applied on seven carriages in one 
second of time at 60 miles an hour, and in two seconds 
on fourteen carriages. The efficiency of this brake 
depends, first, upon the vigilance of the guards ; and 
secondly, upon the friction or bite of the drum neces- 
sary to keep the chain taut. In the application of this 
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principle, it has been customary to extend the chain 
only to a certain number of carriages at each end of 
the train, and to place the two sections of carriages so 
connected under the separate control of the front guard 
and the rear guard. The chain-brake can be applied 
by the driver by means of a cord communication as 
shown. This cord can be carried the entire length 
of the train, and attached to the triggers supporting 
the levers in the brake-vans. Upon pulling the cord 
from the engine, the triggers are released, and the brakes 
applied by the falling of the weighted levers which 
press the parts of the friction-drum together. When 
the train is accidentally divided, the cord is pulled into 
tension, and the same result follows as though the 
driver pulled the cord ; but should the division take 
place between any of the carriages connected to- 
gether by the chain, the brake on that portion would 
not be applied because the power would be lost. If the 
chain were extended the whole length of the train, the 
brakes could not act automatically in the event of the 
train separating, although the levers would be released 
by the breaking of the cord, because the chain would be 
loose and the friction-pulleys would have nothing to 
tighten against. 

In the application of this principle it is, therefore, 
necessary to divide the train into portions, so that the 
whole power may not be lost by any accidental breaking 
of the chain. By this arrangement the driver can 
apply the brakes by pulling the cord, but they must be 
taken oflF by the guards, thus making the working of 
the brakes a matter of divided responsibility. 

This brake cannot be put on gradually. When the 
trigger is released it is at once fully applied sufficiently 
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to skid the wheels in all kinds o£ weather. This is a 
matter of very great importance. 

In dry weather the friction between the wheel and 
the rail may be set down as one-third of the weight 
upon the wheel. On a humid rail — neither wet nor 
dry — ^the friction is about one-tenth of the weight. It 
is clear that to pull up with the greatest possible 
rapidity, at all times, there must be power sufficient to 
apply the greatest pressure required under any cir- 
cumstances. 

Evidently, the conditions which have been formulated 
for a good system of brake, are not to be found in the 
chain-brake. It has certainly one very good feature in it, 
and that is, the driver can use it well in an emergency, 
but it is not automatic, and therefore it fails where the 
cardinal quality of a good brake is required, namely, 
when a train is derailed, or is pulled asunder by an 
inexperienced driver, through the opening of the regu- 
lator of the engine at random. 

Chain-Brake No. 2. 

The No. 2 form of chain-brake is constructed on the 
principle of keeping the chain constantly under tension, 
whereby weighted levers or springs, which are employed 
to apply the brakes on each carriage, are kept out of 
action. The brakes in this case are applied by relaxing 
the chain ; and it is evident that, as the power for 
applying the brakes is furnished by the levers or 
springs on each individual carriage, the automatic 
action is obtained by the breaking of the chain in any 
part of its length. This arrangement, however, re- 
quires means of winding up the chain and keeping 
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it in tension, which is done by means of a winding- 
up apparatus in the brake-vans, and so long as trains 
are attached to such vans, this is practicable, but it 
would be difficult to apply such an apparatus on each 
carriage so as to be conveniently worked when the 
brake-van is not available, and at the same time to 
provide for the free control of the chain from the vans, 
when the train is made up complete. 

Clark's Chain-Brake. 

Clark's chain-brake is shown in Figs. 5, 6, 7, as 
applied to the frame of a railway- carriage, a are the 
brake-blocks fitted to the pendulous brackets, 6. The 
levers, c, c', jointed to the brackets, 6, are connected at 
their lower ends by pulling-rods, d. One lever, c, of 
each pair is held by a pulling-rod, ^, to the frame of 
the carriage as a fulcrum ; and the other levers, c', are 
jointed to two tension-rods,/,/'. Upon the tension- 
rods, two or more spiral springs, ^, are fitted in such a 
manner that when the tension-rods,/, /', are pulled, by 
screws or other suitable apparatus fitted on the guard's- 
van or engine, they compress the springs which rest 
upon brackets, A, attached to the frame of the carriage. 
When the springs are compressed the brake-blocks, a, 
are drawn clear of the carriage-wheels, and by the 
recoil of the springs, ^, the blocks are pressed upon the 
wheels, and the brake is applied. 

This result may either be attained by releasing the 
tension-rods,/,/', by the apparatus in the guard's-van 
by the engine-driver, or in the event of the train 
breaking away accidentally the recoil of the springs 
wiU apply the break automatically. The rods, /, /', are 
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jointed to levers, /, working on fulcrum-brackets, A*, 

attached to the 
framing of the 
carriage, so that 
when one of the 
rods, /, /', is 
pulled in the 
manner already 
described, the 
other rod is also 
pulled, and 
thereby the 
brake is applied 
on both sides of 
the carriage 
simultaneously. 

To enable the 
tension -rods, 
*i: /,// to work 
2" alonga train over 
gj sharp curves, 
^ they are so fitted 
as to converge at 
or near the ful- 
crum - pin, /, 
where they may 
be jointed to 
radial links to 
guide them; or 
they can be 
formed of steel- 
wire rope, and 
be passed through holes in the head of the fulcrum- 
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pin. The ends of the rods, /, f^ are formed with right 
and left-hand couplings. 

Fig. 8 shows the arrangement to regulate the friction- 
wheels used for tightening the chain of the brake, a 
is a longitudinal rod jointed to the pendulous-lever, 6, 
and sliding in a check-plate, c, fixed to the frame of the 
carriage. "When it is required to keep the friction- 
wheel, d^ out of contact with the drum, e^ upon the 
axle, /, a detent, ^, is placed in the gap, hy of the rod, a, 
and thereby prevents the said rod from sliding in the 
check-plate, c, and thus keeps the friction- wheel, c?, out 
of contact with the drum when so required. A similar 




Fig. 8.— Clark's Chain-Brake—Friction- Wheels. 

arrangement is fitted to the friction-wheel, cT, for the 
same object. 

The mode employed by Mr. Clark to work chain- 
brakes automatically, in the event of the train dividing 
accidentally, is shown in Figs. 9 and 10. It may also be 
used for working such brakes negatively for ordinary 
stoppages. The through chain is wound up and kept 
tight by suitable gear in the guard's- van or the engine, 
while the train is running, and the brake-blocks are 
thus kept from pressing against the wheels. But 
when the brake is required to stop the train, the 
chain is slackened, and, by the recoil of springs on 
each carriage, the brake is applied, a is. the chain, 
supported on pulleys fitted to the carriage under frame. 
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Two chain pulleys, b, are fitted in pendulous links, c, 
from brackets, rf, which are also fitted to the under- frame 

of the carriage. 
The chain pulley, 
^, is fitted to a 
bracket, /, which 
slides upon the two 
vertical rods, g, 
upon which are 
placed the spring, 
h. The bracket, /, 
is fitted with a hook, 
/, which hooks upon 
j, the fulcrum-pin, k, 
g of the compound 
links, /. In this 
3 manner, when the 
chain, a, is tight- 
ened by means of 
friction-wheels 
worked by contact 
with the van-axle 
or another axle of 
§) the train, the chain- 
^ pulley, ^, is raised, 
which compresses 
the springs, h, and 
raises the pin, ky 
so that the pull- 
ing-rods, w, keep 
the blocks out of contact with the wheels of the 
carriage, so long as the chain, a^ is kept tight. 
But, if the chain gets broken by reason of the train 
dividing accidentally, or if it be slackened by any 
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means for the regular stopping of the train, the springs, 
A, recoil and apply the brake with the force stored in 
them, n is a rotating-rod or lever which is connected 
to the hook, «, to disconnect the brake from working 
when it is not required. 

Conclusions. — The Clark chain-brake, as described, is 
a modification of the Clark chain-brake as used for- 
merly, which has been applied to a great number of 
railway carriages in this country. But it has the great 
defects of all chain-brakes : — 1st. That it can only be 
used on very short trains, or portions of trains, so that it 
is practically a sectional brake rather than a contin- 
uous brake. 2nd. The action cannot be controlled ; that 
is to say, when applied, the action is in full force, because 
the friction between the pulleys cannot be graduated. 
On account of this, chain-brakes will at all times be very 
rough brakes. 3rd. It is influenced by changes in the 
weather, and it very commonly happens that drums 
and pulleys become coated with ice in winter. The 
friction-pulleys, under such circumstances, lose entirely 
their grip, and the brake is rendered powerless. 4th. 
It not unfrequently happens that in winter the chain 
gets frozen fast on its guiding pulleys. In this case, 
the brakes cannot be either applied to or taken off the 
wheels. 6th. This brake, as generally fitted in this 
country, is, for the convenience of the traffic, worked 
from the van, and not by the driver. Evidently, this 
is a bad practice, that is sure to lead to disasters, as 
has been the case in many instances. 

It may be added that the chain-brake is very old, 
and that it has been tried more than any other brake ; 
and if this brake were a really satisfactory solution of 
the problem, it would have become, ere now, the uni- 
versal brake of the world. 



CHAPTER VI. 

SMITH'S VACUUM-BRAKE. 

Smith's vacuum-brake is a non-automatic brake, con- 
sisting of a line of pipes coupled between the carriages, 
with flexible couplings. Each carriage has one or 
more flexible chambers in connection with the main pipe, 
the flexible part being attached to the brake-levers. 
To apply the brakes, the air is drawn from the main 
pipe and flexible chambers by means of an ejector 
placed on the engine, and a jet of steam from the 
boiler. The flexible chambers collapse under the 
external atmospheric pressure, and exert a certain 
pulling force on the brake-rods. 

The method of mounting the apparatus on the locomo- 
tive and tender, and of applying it to them is illustrated 
by Plate I. a is a single or double ejector, placed in a 
position convenient for exhausting into the smokebox of 
the locomotive ; b ft is the starting- valve and pipe leading 
to the ejector ; c c, the handle and rod by which the 
driver opens the steam-valve to apply the brake ; jyd, 
the air- valve to release the brake, and pipe leading to 
pipe-service through the train ; b, the vacuum gauge ; 
Tpp, the pipe-service from sacks to ejector ; s, the sacks 
or collapsing cylinders. 

In Plate II. the application of the vacuum-brake to 
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HARDY'S VACUUM- BKAKE. 

The general principle of Hardy's vacuum-brake is 
identical with that of Smith's. The points of difFerence 
are as follow : — The ejector is always doubk, and is 
specially constructed to act upon the engine and tender 
independently of its action upon the carriages. The 
action is simultaneous, one steam-jet only being used. 
By this arrangement the engine and tender brakes are 
not rendered inefFective should the hose between 
tender and train be left uncoupled. The use of the 
double ejector also insures much better stopping results 
in case of emergency, &c., and it is unquestionably 
a valuable improvement. The vacuum-chamber or 
cylinder is also of a very different design. In the brake 
under description, the flexible portion is of leather, 
which is completely protected by an iron casing. This 
form is greatly preferred by many engineers, especially 
for application to locomotives and tenders. A single 
line of pipe is also a speciality of the Hardy system. 

The general arrangement is illustrated by Plate III. : 
E, ejector, double-acting, shows chambers separated 
by partition ; p, pipe-service to the train ; p', pipe-ser- 
vice to the engine and tender ; ccc, vacuum cylinders ; 
c c, show leather in section. 
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The application of the brake to the luggage-van and 
to the carriages of the train is shown in Plate IV. : 
c, vacuum cylinders; p, pipe-service (stngk). 

Hardy's Automatic Yacuum-Brake. 

In this apparatus, a vacuum is maintained in the main 
pipe and reservoirs under the carriages by means of an 
ejector on the engine. These reservoirs carry valves 
so constructed as to establish a communication between 
the flexible sack and the reservoirs as soon as the 
vacuum in the main pipe is destroyed. The ejector on 
the engine is so combined with a flexible sack and 
steam-cylinder as to maintain automatically a vacuum 
in the main pipe. 

The attachment on the engine for automatically 
maintaining the constant vacuum is show in Plate V : 
A, the ejector as ordinarily placed; b, the starting valve ; 
D d, the handle and pull-rod for opening the starting- 
valve ; E, the air- valve for applying the brake ; c, small 
vacuum-cylinder or sack ; s, small steam-cylinder for 
opening the startiog- valve ; v, intermediate small steam- 
valve or stop-cock for supplying steam to the steam- 
cylinder s, and opened and closed by the vacuum- 
cylinder c ; o, stop-cock in the pipe leading from the 
cylinder c to the pipe through the train ; x, exhaust 
pipe from the steam-cylinder s ; t, rubber lift- valve, 
opening only towards the ejector. 

This automatic addition has been devised with a 
view to meet the possible contingency of the Board of 
Trade requiring from railways the adoption of an 
automatic brake. The method of working is as fol- 
lows : — The driver, before leaving a terminal station, . 
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opens the starting-valve by means of the handle and 
rod D d, thereby creating a vacuum in the pipes and 
reservoirs throughout the train, also in the vacuum- 
cylinder or sack c. This vacuum is ordinarily 24 
inches or eight- tenths of an atmosphere ; the brakes are 
then off the wheels, and they remain so until the vacuum 
in the pipes is lessened or destroyed to a point below 
one- third of an atmosphere, or 10 inches. To provide 
against the application of the brakes through any 
gradual leakage through the pipes, the cylinder or sack 
c is weighted by a spiral spring or weight, so that 
by the destruction of 6 inches of vacuum or one-sixth 
of an atmosphere in the pipes, the valve or stop-cock 
v is opened, permitting steam to enter the cylinder 
s, which at once opens the starting valve B, instantly 
restoring the vacuum in the pipes and sack c, closing 
the valve or stop-cock v. The steam in the cylinder s 
then escapes by the pipe x, when the starting valve b 
is closed by a spiral spring or weight ; this action being 
repeated as often as the vacuum becomes impaired, as 
described above. 

The driver, in the ordinary working of the brake, 
opens the air-valve e, which action closes the stop- 
cock o, preventing the destruction of the vacuum in 
sack c, but destroying the vacuum in the pipes 
throughout the train, instantly applying the brake. A 
similar valve e is placed in each guard's van, giving the 
guard equal facilities of applying the brake. The brake 
is also instantly applied by the breaking away of any 
part of the train, or by any accident causing a rupture 
in any of the pipes or reservoirs. The reservoirs, sacks, 
and levers are arranged with a view to obtain a power 
equal to skidding the wheels of a carriage when 24 
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inches or eight-tenths of an atmosphere is contained in 
the reservoir ; of course, any less amount of vacuum 
would give a proportionate amount of brake-power. 
The driver has always the means, through the handle 
and rod d d, to restore the vacuum in the pipes and 
reservoirs should any part of the automatic arrange- 
ment for doing so, upon the engine, become deranged. 
The driver, by means of the gauge in front of him, can 
always tell the condition of his brake and what avail- 
able brake-power he has at his command throughout 
the train. 

The apparatus for a carriage is shown in Plate VI. : 
A is the reservoir in which a vacuum is created and 
maintained, the cubical capacity of the reservoir to be 
in excess of double that of the sack or cylinder used to 
apply the brakes ; b, the ordinary cylinder (or sack), 
applying the brake in the same manner as without the 
automatic arrangement ; p, the pipe service through 
the train to the ejector, and pipes or hose connecting 
the cylinder and the reservoir with the same ; d, rubber 
lift-valve opening outward, preventing the return of 
air when the vacuum is created in the reservoir ; £, the 
rubber valve, with double seat, having a double 
function : 1st. To establish in a certain position a com- 
munication between the brake-cylinder and the atmo- 
sphere through the holes e, e ; and at the same time 
to cut off the communication between the reservoir 
and the brake-cylinder. 2nd. To establish, in another 
position, a passage from the brake-cylinder to the 
reservoir, closing at the same time the passage from 
the brake-cylinder to the atmosphere. 

There are, however, three functions necessary for 
establishing a proper relation between the elements of 
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the brake — ^namely, (1) from the brake-pipe to the 
reservoir ; (2) from the reservoir to the brake-cylinder ; 
(3) from the cyKnder to the atmosphere. The two 
last being provided for by the action of the double- 
seat valve just described, another valve was found 
necessary, consisting of a rubber-seat valve, d, at the 
other end of the reservoir, in order to establish a com- 
munication between the reservoir and the brake-pipe 
when air is drawn from it by means of an ejector 
placed on the engine. 

The operation of these valves is as follows:— Air 
being drawn from the brake-pipe, both valves are 
acted upon, and air from the reservoir flows through 
the single-seat valve into the brake-pipe. The double- 
seat valve, being attached to a diaphragm of a great 
diameter, overpowers the action of the atmosphere on 
the small rubber-seat, and keeps the holes, j^/, closed, 
whilst a free communication exists from the brake- 
C5'linder to the atmosphere by the holes, e, e, keeping 
the brakes off. 

To apply the brakes, the driver admits air to the 
brake-pipe, thereby destroying vacuum. The single- 
seat valve closes on account of the atmospheric pressure ; 
whilst the diaphragm of the double-seat valve is pushed 
forward by the same air, closing the openings, e, e, from 
the brake-cylinder to the atmosphere, and opening the 
holes, /, / as a communication between the reservoir 
and the brake-cylinder. The air from the latter 
expands into the reservoir, and thereby a partial 
vacuum is produced, which applies the brakes. 

This brake, therefore, is automatic in its action. It 
must, however, be considered as a very imperfect brake, 
because the action of the diaphragm-valve does not 
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allow of the brake-force being graduated at the will of 
the driver. In fact, the valve must always be over on 
one side or the other, whilst any intermediate position 
would establish a free communication between the 
reservoir and the openings, e, e, and thus destroy at once 
the brake-power. 

This intermediate position will produce itself on 
trains of a certain length by a flow of air into the 
brake-pipe at a certain rate. The valve will then be in 
a floating condition on certain carriages, and con- 
sequently its brake-power will be destroyed. 

There is another grave objection : the great bulk of 
this apparatus. The reservoir must be of an enormous 
size to give even medium results. In fact, at each 
application of the brake, a volume of air at atmospheric 
pressure, equal to the volume of the brake-cylinder, is 
brought into the reservoir, thereby considerably re- 
ducing the partial vacuum in the reservoir. 

The couplings, f, designed for this brake, are almost 
similar to those used in connection with Smith's non- 
automatic vacuum - brake. With automatic - brakes 
there is, however, a serious objection to the use of 
couplings so constructed as to apply the brakes on the 
whole train when the couplings are taken apart. The 
inconvenience resulting from this at junctions, and in 
shunting operations, is self-evident ; but more is to be 
said about this in dealingwithother automatic vacuum- 
brakes. 

As a whole, the automatic vacuum-brake, as designed 
by the Vacuum-Brake Company, must be considered 
as very imperfect and unflt for practical use. This 
explains why the Railway Companies who are now 
using non-automatic vacuum-brakes, and who are 
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anxious to comply with the wishes of the Board of 
Trade^ are so slow in altering their brakes to this new 
pattern. 

NoTB. — It is interesting to compare the capacity of 
such a reservoir as that of the Hardy automatic 
vacuum-brake with that of the Westinghouse auto- 
matic brake^ and a few lines will clearly show the 
great advantage of the latter system to that described. 

The Westinghouse brake-gear is so proportioned 
that 40 lbs. in the brake-cylinder puts the brake on 
with fuU force, say 100 per cent, block pressure. 

Automatic Vacuum: — 

The cylinders are generally made of the diameter 18 
inches, or 4*57 decimetres. 

The surface of the piston is therefore 16-4 square 
decimetres. 

To have the same total piston-pressure, we require 
7-9 lbs. 

The piston movement must be also 6 inches := 1*5 
decimetres. 

But 6 more inches are required for wear of blocks, 
and the length of cylinder is therefore 12 inches = 3 
decimetres. 

The vacuum when starting is not more than 24 
inches, or a reservoir pressure of (absolute) 3 lbs. 

After the third application the brake must be one 
with 7*9 lbs. pressure; therefore the pressure at the 
reservoir-side of the piston, 15 — 7-9 = 7-1 lbs. 

Suppose the capacity of the reservoir = sf litres. 

After three times applying the brake, three cylinders 
full of air have gone into the reservoir, 3 (16*4 x 3) 
= 147-6 litres. 
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It is then easy to calculate what sized reservoir is 
needed to give a final absolute pressure of 7*1 lbs. : — 
Three cylinders with air (147*6 x 15 lbs.) x reservoir 
(a? X 3 lbs.) = reservoir and cylinder (a? x 24*6) 
X 7-1 final pressure = 2214 x3x=z7'lx x 174-6 ; 
therefore a? =: 497 litres. 



Comparison of Reservoirs. 

The object is to ascertain what size of reservoir 
would be needed for an automatic vacuum-brake to 
obtain the same brake-force as with the Westinghouse 
automatic brake. 

The following figures are the data for the Westing- 
house brake as now generally applied to passenger 
vehicles ; — 

Capacity of small reservoir, 1,475 cubic inches. 

Surface of 8-inch piston, 50 square inches. 

Useful stroke of piston, 6 inches. 

Spare stroke of piston for wear of blocks, 6 inches. 

Volume of air used at each application, 300 cubic 
inches. 

Suppose the air pressure when starting to be 80 lbs. 
per square inch in the reservoirs, after each application 

it will be a proportion of the pressure = —j-z — ^^ P 
= 0.833 P. 

It must, however, be observed that the air from the 
reservoir drives the piston in front of it, and therefore 
expands, as if it were acting in an absolute vacuum. 
The absolute pressure must therefore be considered and 
afterwards reduced to pressure above the atmosphere. 
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In accordance with the aboTe remarks the following 
table is obtained. 





Abwlote vnasarem 

reservoir in Ids. per square 

isfih. 


PresBiire above the 

atmosphere in brake - 

cylinder. 


When Btartinp: 

After let application 
„ 2nd „ 
M »rd „ 
M 4th 


95 lb9. 
7913 „ 
66-9 „ 
55 „ 
45-8 „ 


64-13 
50-9 
40 
30-8 



The proportions of the Westinghouse gear are gene- 
rally so arranged that by about 40 lbs. pressure per 
square inch in the brake-cylinder, the brakes are applied 
with a block-pressure equsJ to the weight of the vehicle, 
which must be considered full force. The table, there- 
fore, shows that the Westinghouse brake can be applied 
three times with full force without re-charging the 
auxib'ary reservoirs. 

It must now be calculated what the size of the 
automatic vacuum-brake must be to secure somewhat 
similar results. The Eames cylinder being of such a 
shape that it is rather difficult to calculate its volume, 
we will, for the sake of illustration, take an ordinary 
cylinder. This does not alter the jfigures in any way. 

Surface of 18-inch piston, 255 square inches. 
Useful stroke of piston ( th*\v at- 1 ^ ^^^^®®- 

Spare stroke for wear of blocks ( inghouse j 6 inches. 
Total capacity of brake-cylinder 3,060 cubic inches. 

To obtain on this size of piston a total pressure equi- 
valent to that of 40 lbs. per square inch on the 8-inch 
piston of the Westinghouse brake, a pressure of 7*87 lbs. 
per square inch is required. This shows that the 
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vacuum in the brake-cylinder must be after the third 
application 15 — 7-87 = 7-13 lbs. per square inch. 

The vacuum which can be kept constantly in the 
reservoirs of an automatic vacuum-brake is at the 
highest 24 inches, but generally not more than 20, 
which is equivalent to 5 lbs, per square inch absolute 
pressure. The air pressure, therefore, when starting, is 
5 lbs., and must be after the third application of the 
brake not higher than 7*13 per square inch ; and the 
question is, how large the vacuum-reservoir must be to 
obtain such a result. 

It must be borne in mind that every time the brake 
is applied a volume of air at atmospheric pressure 
equal to the capacity of the brake-cylinder is put into 
communication with the reservoir, and consequently 
destroys the vacuum partially, by raising the air pres- 
sure which it contains. 

After the third application, therefore, three cylinders 
full of air, 9,180 cubic inches in volume, will have been 
put into communication with the reservoir. 

It is easily calculated that a reservoir of 50,337 cubic 
inches is necessary to satisfy the conditions enumerated. 
The absolute pressures in the vacuum-reservoir will 
then be for the three consecutive applications of the 
brake 5-74 lbs., 6-46 lbs., 7-15 lbs. 

A comparison of this enormous reservoir with that 

used in the Westinghouse brake, and which has only a 

capacity of 1,475 cubic inches, shows that the Eames 

60337 ^^ , ^. , ^ ^ 

reservoir must be -tj^t" =34*1 tmies larger than the 

Westinghouse reservoir. 



CHAPTER VIIL 

STEEL AND MgINNES' COMPRESSED-AIR CONTINUOUS- 
BRAKE. 

Steel and McInnes' continuous brake is worked by 
means of compressed air. It consists of cylinders 
fitted with pistons and piston-rods placed at each end 
of each carriage. The cylinders on each vehicle 
are connected by a pipe at their upper ends; that 
is to say^ at the upper sides of the pistons ; and the 
piston-rods are coupled by means of links^ chains^ or 
connecting-rods, to the lever or levers on the brake- 
shaft, so that as the pistons, with their attachments, are 
moved upwards or downwards the brakes are applied 
or withdrawn. The lower part of each cylinder is 
either of itself sufficiently large to constitute an air- 
vessel, or it is connected to an air-vessel, with which 
it forms one piece. From the air-pipe, or from the 
upper part of the cylinder, a branch-pipe leads to the 
air-vessel below the piston, and this pipe is provided 
with a valve, which is opened by the air in passing 
through the pipe to the air-vessel, so that equal pres- 
sures of air are obtained on the two sides of the piston ; 
the valve being so arranged that it cannot be opened 
by the pressure of the air below the piston. The com- 
pressed-air cylinders on the vehicles throughout the 
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train are connected together between tha vehicles 
by flexible piping provided with couplings^ which are 
disconnected when the vehicles composing the train 
have to be uncoupled. Each cylinder is provided with 
two coupling-openings, the face of each of which is 
composed of elastic material. A bracket is also formed 
upon or attached to the cylinder, and arranged in front 
of the elastic face and opening. Through this bracket, 
opposite the opening in the elastic face, a screw is 
passed, between which and the elastic face a metallic 
elbow T-piece, having a flat face at each end, and to 
which the flexible coupling-pipes are attached, is firmly 
secured by tightening the screw. 

This elbow, or T-piece, forms a passage for the air 
from cylinder to cylinder, and is easily uncoupled by 
withdrawing the screw which presses it against the 
elastic face. The air is compressed by means of an 
air-pump driven by a small steam-engine fixed on 
the locomotive, from which the steam is supplied. 
One or more rows of tubes are placed round the 
tender, and these constitute a receiver for the com- 
pressed air, from which it is distributed to the 
apparatus. 

When it is desired to apply the brake, the air 
acting upon one side of the pistons is withdrawn ; and 
that on the other side, together with the air contained 
in the air-vessel, being free to expand, moves the 
pistons in the cylinders so that the brakes are applied. 
When it is desired to withdraw the brake-blocks from 
the wheels, the air is readmitted to that side of the 
pistons from which it had previously been withdrawn, 
and thus the apparatus is restored to equilibrium, so 
that by its own weight it withdraws the brake. 
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By means of this system of brake apparatus, the 
pressure of air is constantly active throughout the train, 

and the carriages 
are provided with 
whistles, a handle 
being placed in 
each compart- 
ment. Each 
handle is coupled 
by a wire to a 
lever on the 
whistle-valve, on 
pulling which 
communication is 
opened between 
the air-pipe and 
the whistle, which 
is thus sounded. 

Fig. 11 is a 
vertical section of 
a compressed-air 
cylinder and re- 
ceiver, with at- 
tachments. Fig. 
12 is a vertical 
section at right- 
angles to Fig. 11 ; 
while Fig. 13 is 
a side view. The 
cylinder, a, and 
air-vessel, b, are in one casting. The cylinder, a, is 
cast with the upper end close, the lower end being 
fitted with a cover, c, provided with a stufBng-box 




11. — Steel and Mclnnes* Brake — 
Cylinder and Receiver. 



STBEL AND MClNNEs' COMPRESSED-AIR BRAKE. 57 

and gland, d, secured by studs, e; the space, f, 
being filled with suitable packing. 

On the inner side of the cover, c, a hollow cylin- 




Fig. 12. — Steel and Mclnnes' Brake— Cylinder. 

drical projection, g, is formed, upon which the piston, 
H, rests when in its lowest position; that is to say, 
when the brakes are " oS." The projection, o, is 
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provided at the top with an india-rubber ring, i, which 
acts as a cushion to prevent any shock which might 
arise from the fall of the piston, h. The space between 
the piston-rod, J, and the interior of the cylindrical 
projection, g, may be filled with packing to further 
prevent the escape of air from the cylinder, a. The 
piston, H, is packed by a cup-leather secured to its 
upper side by a washer, k, .and nut, l, which nut 
at the same time secures the piston, h, to the piston- 
rod, J, as shown. An india-rubber ring, m, is placed 
upon the washer, k, to cushion the shock in the event 
of the piston striking against the top of the cylinder. 
On the inlet-pipe, n, is a branch, o, in which is 
formed a valve-chest and seat, and which is con- 
nected to the air-vessel, b, by a pipe, p. A ball- 
valve, Q, accurately fitting the seat in the branch, o, 
prevents the air from returning by the valve, g. 

The piston-rod, j, is coupled to the brake-apparatus 
by the connecting-links, r, which are shown double, 
as in Fig. 12, in order that they may clear the drag- 
hook, x'. At Fig. 13, the whole apparatus is repre- 
sented as set further into the carriage, in order that the 
links, R, may be kept only so far apart as to clear the 
thickness of the drag-hook. These links, r, actuate 
the bar, s, fixed upon the brake-shaft, t, which is 
acted upon according to the movement of the piston 
in the cylinder, a. 

When the apparatus is applied to a vehicle running 
upon bogies, the brake-shaft, t, is connected to the 
piston-rod, J, by means of a flexible coupling, such as 
a chain or connecting-rod fitted with an universal 
joint, so as to allow for the movement of the body of 
the carriage upon the swivel-pins of the "bogies." 
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The brake-shaft, t, is carried in brackets, u, bolted 
to the lower framework of the carriage. The brake- 
cylinder and receiver 
are fixed to the lower 
framework and floor of 
the carriage by bolts, 
V, which pass through 
a flange formed upon 
the sides of the air- 
vessel, B. The air- 
vessel projects through 
the end of the car- 
riage, and is situate 
below the seat, as 
shown in section Fig. 
11. The couplings 
whereby communica- 
tion is efiected between 
the cylinders on the 
different carriages is 
shown particularly at 
Figs. 12 and 13. 
Openings, w, are 
formed at the upper 
part of the air-cylin- 
der, A ; caoutchouc or 
other elastic rings, x, 
fill the recesses formed 
for their reception in 
the faces, y. To 
keep the elastic rings, x, in their places, metallic 
rings, z, are bolted on the face, y, the interior edges 
of which rings overlap to some extent the elastic 




Fig. 13. — Steel and Molnnes* Brake- 
Cylinder and Receiver. 



60 CONTINUOUS RAILWAY BRAKES. 

rings, X, and thus hold them in position. Projections, 
a, are formed opposite the faces, y, and these are 
bushed with screwed nuts, b, through which the 
screws, c, pass, the centres of which are opposite the 
centres of the opening, w. The inner extremities of 
the screws, c, are provided with anti-friction thimbles, 
d, and the outer extremities with vice-handles, e, by 
which the screws are actuated. A hollow metallic 
T-piece, /, is held between the thimble, d, and the 
elastic ring, x, the pressure imparted by tightening the 
screw, c, being sufficient to insure an air-tight joint 
between the circular flat edge of the hollow metallic 
T-piece, /, and the face of the elastic ring, x. 

The junction of the T-piece,/, and the flexible tube, 
h, which connects the cylinders, is efiected by forming 
a nozzle or projection, g, upon the T-piece, /, over 
which the flexible tube, h, is drawn, in which position 
it is held by a box-nut and thimble- washer. 

On the other side of the cylinder from that on which 
the T-pieco> /> is shown at Fig. 12, the screw is indi- 
cated as advanced inwards so that the thimble, d, presses 
upon an elastic ring, and closes the opening. 

Fig. 14 is a side elevation of parts of a locomotive 
. engine and tender fitted with the necessary apparatus 
for operating the brake. An air-pump is bolted to 
the fire-box of the boiler, and it is driven by a small 
steam-engine situated on the other side of the fire-box 
— not seen in the drawing — which drives the crank- 
shaft. Air is pimiped through the tubing, b, into the 
tubular receiver, c, on the tender. On a branch- 
pipe, D, projecting from the receiver, c, is fastened 
a two-way cock, e, by means of which the pressure 
of air from the receiver, c, may either be directed 
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through the tubing, f, to the cylinders or the car- 
riages, or it may be entirely cut off therefrom, or 
directed into the atmosphere. 

In order that there may be a uniform pressure of 
air in the pipes connecting the different brake- 
cylinders, and also that there may be a higher reserve 
air-pressure at the command of the operator of the two- 
way cock, E, it is preferred to attach to the two- 
way cock a reducing-valve, as shown in section 





Figs. 16.— -Steel and McInneB' Brake— Reducing Valve. 



at Figs. 15. The spiral spring, c, the strength 
of which is adjusted to the required air pressure, 
presses upon the lower end of the valve-spindle, d, 
which passes through and is attached to a flexible or 
elastic diaphragm, e, near its lower end, while its 
upper end is attached to a conical valve,/, the area of 
which is less than that of the diaphragm, e. 

Air admitted from the receiver on the tender by 
the cock, E, enters the reducing valve, as shown by the 
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arrows, and in passing through the valve, /, the 
air acts upon the diaphragm and the valve in such a 
way that as the pressure increases the area of opening 
at the valve, /, is diminished by virtue of the greater 
area of the diaphragm, e, and thus the pressure upon 
the effluix side is reduced. 

When the cock, e, is turned on so as to allow the air 
to escape from the air-cylinder and tubes as described, 
and thus brake the train, the air does not return 
through the valve,/, but finds its way to the cock, e, 
through a side passage, g, provided for that purpose. 
A whistle, A, is placed above the valve, /, as shown, 
thfe valve of which whistle rises when the pressure be- 
neath it is equal to the pressure in the receiver on the 
tender, so that should the reducing valve,/, become acci- 
dentally inactive, and allow an equal pressure of air 
above it, the whistle will sound, and thereby warn the 
driver of the inefficiency of the reducing valve. 

Figs. 16 are side and end views of parts of a first-class 
railway carriage and a third-class carriage, coupled, 
showing the brake and whistle apparatus. The air- 
cylinders, A, A, at both ends of each carriage, are con- 
nected in their upper parts at the pipe, n, by the tube, x. 
Near one end of each carriage the whistle is situated on 
the roof. The means of working the whistle apparatus 
is shown more particularly at the section of the third- 
class carriage, end view. As shown by these figures, 
a box, D, is fixed on the side and near the roof of each 
compartment, the upper part of the front of the box is 
composed of wood, and the lower part of glass, as shown 
more particularly in the end view. A handle is 
suspended in the box, d, by a wire-cord or chain, 
which, passing over a pulley, is carried along the 
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roof of the carriage, and attacHed to tHe lower extremity 
of the lever, c. 

The lever d, standing at right angles to the lever e, 
carries a counter- weight which shuts the valve of the 
whistle, c, on the pulling strain being removed. 

Fig, 17 shows, in part section, the front portion of 
a guard's van. The branch from the tube, a?, is passed 
into the interior of the van, and is provided with a 
cock or valve, which is operated by the official or 
guard of the train in the manner shown. The brake- 
blocks are actuated from the piston-rods, J, through the 
connecting links, R, which actuate the levers, s, fixed 
upon the brake-shaft, t. 

From the brake-shaft, t, the brakes, m, are operated 
in the ordinary manner by the levers, e, and con- 
necting rods, /. The brake-shafts, t, are carried by 
bracks u, bolted to the lower framework of the 
carriage. 

Figure 18 is partly a vertical section «and partly 
a front elevation of a double-acting air force-pump, 
with steam engine attached, suitable for raising the 
necessary air-pressure in the receiver on the tender, 
and which may, of course, be fixed in any convenient 
part of the locomotive. Fig. 19 is a side elevation 
of the same, whilst Fig. 20 is a horizontal section of 
the air-pump barrels showing a plan of the valve-chests, 
which are also shown in section at Fig. 21. The 
air-pumps, a, are driven from above by the steam 
cylinders, c, which also actuate a double-crank shaft, 
B, by means of the connecting-rods, n. The air- 
suction branches on the valve-chest, g, and the res- 
pective pump-barrels are connected by a perforated 
tube, E, which it is preferred to use in order to prevent 
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Fig. 20. Fig. 21. 

Steel and Mclxmes' Brake. 
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as mucli as possible the entrance of foreign substances 
into the valves of the pump. 

Through the pipe, p, in Figs. 19 and 20, the air is 
pumped into the receiver on the tender. 

The mode of working the apparatus is as follows : — ^A 
sufficient pressure of air having been raised in the 
receiver, c, by the air pump, a, the two-way cock, e, 
is opened, allowing the air to travel through the tubing 
into the air-cylinder on the first carriage, whence it 
issues through the pipes on the carriage roof to the air 
cylinder at the opposite end of the carriage, and thence 
similarly through the flexible jnpes and couplings to 
the several other cylinders of the air-brake apparatus 
throughout the train. When it is desired to apply the 
brake, the air-pressure is removed from above the 
pistons, N, either by the engine-man turning the two- 
way cock on the engine so as to let "off*' air above the 
pistons, or which may be accomplished by the guard 
turning the cock in the guard's van, or by a passenger 
palling one of the alarm handles and letting the air 
escape to sound a whistle. 

The air confined imder pressure in the air-vessels, b, 
and under part of the cylinders A, when the pressure 
above the pistons is removed, expands and lifts the 
pistons, N, carrying with them the piston rods, J, 
and links, R, which actuate the levers, s, and through 
them the brake- shaft, t, which operation, as will be 
seen by reference to Fig. 17, apply the brakes by 
working the lever, ^, and connecting rods, /. 

To withdraw the brakes, the pressure of air is again 
exerted in the upper part of the cylinders, a, which 
throws the pistons, n, into equilibrimn, when their 
own weight and the weight of their attachments, which 
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may or may not be weighted, cause the pistons to 
fall to the bottom of the cylinders, a, and thus remove 
the brake-blocks from the wheels. 

The coupling operation, whereby the air-cylinders on 
the adjoining carriages or vehicles, composing the 
train, are connected, is effected by placing the T-pi©Ce 
coupling, /, Fig. 12, page 57, between the inner 
extremity of the screws, c, and the face of the elastic 
rings, X, and screwing up the coupling firmly in this 
position by means of the vice-handles. The apparatus 
for fixing the T-piece coupling is placed on both sides 
of each cylinder, a, and each cylinder being provided 
with two flexible tubes and couplings, one or both of 
which may be used to connect the cylinders of adjoin- 
ing carriages. When in action, the cylinders are 
coupled together by both flexible pipes, but in uncoup- 
ling them for the purpose of disconnecting the car- 
riages, it is necessary to unscrew one coupling on each, 
carriage and the opposite side of the respective cy- 
linders, so that one of the flexible tubes is left hanging 
to each cylinder, thus allowing the flexible tubes and 
couplings always to come together in proper position 
for being coupled whether the same ends of the carriage 
are brought again opposite to each other or not. In the 
event of a rupture of one of the flexible tubes between 
the cylinders on adjoining carriages taking place, the 
coupling-hole in the cylinder may be closed by the 
thimble on the end of the coupling screw being 
pressed into it by the screw, and connection main- 
tained by one pipe for working the brakes. 

At the end of the last carriage of a train both of 
the couplings of one flexible pipe are applied to the 
opposite sides of the same air-cylinder, thus closing 
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the openings and preventing the escape of air at the 
last cylinder; or, otherwise, the flexible pipes and 
couplings may be withdrawn, in which case the openings 
are closed by the thimbles on the ends of the screws c. 

As the pressure of air is in constant action, throughout 
the train, it may at any time be instantaneously applied, 
and in the event of the ordinary draw-bar, screw, or 
chain-coupling breaking, so that the train becomes dis- 
connected whilst running, the air on the upper side 
of the pistons escapes through the broken air-pipes, 
the brakes are instantly applied, and the whole train 
is stopped. 

Can^^lusion. — The Steel-Mclnnes brake, as described, 
has the great objection of using air pressure on both 
sides of the piston, and requiring, therefore, a stuffing- 
box, which will give rise to very serious trouble in 
practice. A stuffing-box may be kept tight on an 
engine and tender, where the driver and the fireman can 
look to it every day, to keep it tight ; but when used 
on thousands of carriages, it would be foimd impossible 
to keep the stuffing-boxes in proper working order. 

A second objection is the enormous amount of air 
used at each application of the brake. To apply the 
brake with fiiU power, all the cylinders, with the brake- 
pipe, have to be emptied, however short the stroke of 
each of the pistons may be. 

A third objection is the unavoidably slow action re- 
sulting from the fact that, at the engine, an enormous 
volume of air has to be discharged through a pipe of com- 
paratively small diameter before the brakes are applied. 

Owing to the foregoing objections, this brake has 
never been introduced largely into practical use, and 
has only been applied for experimental purposes. 



CHAPTER IX. 

EAMES' VACUUM CONTINUOUS-BRAKE. 

The working of this brake is aocomplislied by the 
natural pressure of the atmosphere, opposed to a 
yacuum. The yacuum is formed in a continuous pipe 
from end to end of a yehicle by means of an air- 
ejector, pump, or other exhausting apparatus, worked 
by the force of steam from the locomotiye. The 
apparatus is shown in Figs. 22 as applied to a locomo* 
tiye engine and tender, a represents an air-ejector 
worked by steam from the boiler, which is conducted 
through a suitable pipe, a. This ejector is employed to 
create a yacuum in the air-pipe, which extends through- 
out the length of the train, and is connected with the 
brake-cylinders attached to each carriage. 

B, b' are the air-pipes which are attached to the 
sey^ral carriages of the train, and are connected 
between the carriages by suitable flexible-hose coup- 
lings. The air-pipes are also connected by means of a 
branch pipe, J, with a brake-cylinder or yacuum- 
chamber, c, secured to each carriage. These brake- 
cylinders are fitted with pistons and piston-rods. A 
yacutuu is maintained on both sides of the piston, to 
keep the brake-blocks off the wheels. By destroying 
the yacuum on one side of the piston, the brakes are 
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immediately applied througli the brake lever, d, which 
ig connected with the piston-rod. To illustrate the 
operation of this brake, we will suppose the ejector, a, 
to be in operation, drawing air from the pipe, b, and 
cylinder, c. There being a valve in the piston-head, 
it will also draw air from the cylinder at both sides of 
the piston ; and through the branch pipe, py it will 
also draw air from the pipe, b, creating a vacuum 
in both pipes and cylinders. The operation of the 
ejector being automatic, the vacuum will be preserved, 
and the brakes kept clear of the wheels until it is 
desired to apply them. To apply the brakes, the valves 
of the ejector are shifted so as to close communication 
between the pipe, b, and open it between b' and the 
ejector. At the same time, another valve is opened to 
the pipe, b, to admit air into the pipe and destroy the 
vacuum. The air passes by the pipe, b, through the 
branch, J, into one of the cylinders, c, thereby moving 
the piston-rod. At the same time the ejector may con- 
tinue its operation, and draw air from the other side of 
the cylinder through the pipe, b', and b\ thereby aiding 
in applying the brakes quickly. 

By again reversing the position of the valves of the 
ejector, communication is shut ofE between the pipe, b, 
and the external air, and opened between it and the 
ejector. The operation of the latter will then draw air 
from the pipe, b, and the cylinder, c, and create a 
vacuum therein to release the brakes. 

The piethod of storing vacuum power by the use of 
an additional tank having free communication with the 
working cylinder, is shown in Fig. 23. In this, as in 
the other figure, c is the working cylinder ; b, and b', 
the air-pipes connected with the ejector a. b^ is a 
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branch pipe which connects the working cylinder, c, 
with an exhaust tank, c\ and also connects both of 
these vessels with the air-pipe, b'. The operation is 




Fig. 23.— Eamefl* Vacuum-Brake—Storage Tank. 

substantially the same as before described, the only 
difference being that when the ejector is withdrawing 
air from the pipe, b, it also withdraws it from the 

reservoir, c', and 
thereby creates ad- 
ditional vacuum 



I 



^ 



power. 

It will be seen 
that this apparatus 
has two lines of air- 
pipes ; but, if pre- 
ferred, a single 
pipe can be used 
as illustrated by the diagram, Fig 24, in which c is 
the working cylinder ; c', the exhaust tank ; and b, 
the air-pipe, connected with the ejector apparatus and 



Fig. 24. — Eames' Vacuum-Brake— Storage 
Tank. 
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with the cylinder, c, by means of the branch pipe, a ; 
but not connected directly with the reservoir, c', the 
reservoir being only connected with the end of the 
working cylinders, opposite to the pipe, a\ the connec- 
tion between the cylinder and reservoir being by a 
small pipe, h. In this case, the air is withdrawn from 
the exhaust tank, c', and from the cylinder, c, at the 
back of its piston through a valve in the piston. 

Both arrangements are worked from the locomotive, 
and are under the control of the driver. The brakes 
can also be applied from any part of the train, by 
pulling open the valves communicating with the ex- 
ternal air, the valves being attached to the several 
brake-cylinders as shown at p, in Figs. 22 and 23; 
suitable cords or levers being led to convenient positions 
in the carriage. By means of the lever on the tender and 
the connecting rod, t, the brakes of the locomotive are 
worked by. means of the brake-cylinder and piston 
attached to the tender, no brake cylinders being 
required upon the engine. It will be seen on reference 
to Figs. 22, that the toggles for working the locomotive- 
brakes are arranged on the under side, or beneath the 
brake-shoes, so that, when released from the pressure 
of the levers, the brakes will drop loose from the wheels 
by their own gravity. 

The brake-cylinders and connecting mechanism for 
working the brakes are shown to a larger scale in Fig. 
25. A is, the working vacuum or air-pipe which is 
connected with the engine and carriages throughout the 
train ; and a' is the re-force vacuum-pipe, which also 
connects with the locomotive and with the carriages 
throughout the train, a is a branch pipe leading from 
the pipe, a, to one end of the cylinder, b ; and a , a 
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branch pipe leading from tlie pipe, a', to tlie other end 




of the cylinder, c is the piston working in the cylinder, 
B, and D is the piston-rod ; c is an opening through the 
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piston-head, which is protected by an ordinary clack- 
Yalye, d^ e is an elastic compressible vessel or cham- 
ber, one end of which is secured to the piston, c, and 
the other to the head of the cylinder, b. This flexible 
chamber is made of indiarubber, and is braced at inter- 
vals, both inside and out, by means of metal bands, e, 
/are friction rolls secured or pivoted to the outer peri- 
phery of the piston at three or more points, the rolls 
working against the sides of the cylinder, and serving 
as guides to keep the flexible cyHnder, e, in proper 
position. 

F is another flexible chamber made of indiarubber, 
secured at one end to an annular and inwardly pro- 
jecting flange, J, forming part of the cylinder, b ; the 
other end of the elastic chamber, f, being secured to a 
disc, which is keyed to the piston-rod, n, so as to 
move with it. The branch pipe, a, opens into the 
flexible cylinder, e, so that when the air is withdrawn 
from the pipe, a, it is also withdrawn from the interior 
of the cylinder, b, the air passing through the open- 
iags, c, in the piston, so that a vacuum can be formed 
within the cylinder on both sides of the piston at the 
same time. The air passing in through the openings 
around the piston-rod at the other end of the cylinder 
will pass into the interior of the flexible chamber, f, 
and pressing on the head, d^ will force the piston to 
move into the position shown by full lines in the draw- 
ing. While it is in this position, the brakes are released 
from the wheels, and the apparatus will so remain until 
the vacuum is destroyed in the pipe, a. When air is 
admitted to the pipe, it passes in through the branch, 
a, to the elastic cyUnder, e, closes the valve, c', and 
pushes the piston towards the other end of the cylinder. 



78 CONTINUOUS RAILWAY BRAKES. 

the elastic cylinder, e, expanding, and tlie cHamber, f, 
contracting, xintil they reach the position indicated by 
dotted lines. When the apparatus is in this position, 
the brakes are applied. There is a valve in the branch 
pipe, a, having a port which communicates directly 
with the external air. This valve is provided with a 
lever, g, by means of which, and a connecting cord or 
rod leading to the interior of the carriage, the valve 
may be thrown open, and the air admitted to destroy 
the vacuum, applying the brakes from the carriage to 
which the brake-cylinder is attached. 

By this means the brakes can be applied, and the 
train stopped from any part of the train by the pas- 
sengers or by the guard, independently of the engine- 
driver. 

It will be seen that the piston, c, does not travel the 
whole length of the cylinder, and therefore, as will be 
evident, the vacuum is only destroyed within a portion 
of the cylinder occupied by the flexible chamber, e. 
The other portion of the cylinder, therefore, forms a 
reserve reservoir or air-exhaust chamber, and, as before 
explained, the vacuum therein is reinforced by the 
continued withdrawal of the air through the reinforce 
vacuum-pipe, a'. By again withdrawing the air from 
the pipe, a', the vacuum is restored on both sides of the 
piston, which then resumes the position first described, 
releasing the brakes. 

H is a guide-rod, one end of which is secured to the 
cylinder head, and the other to a bracket, h; (f is a 
head upon the exterior end of the piston-rod; it is 
slotted to permit the guide-rod, h, to pass through it. 
b\ is a projection upon the cylinder-head, which acts 
as a stop to limit the inward motion of the piston in 
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contact with tlie block, d^ on tHe end of the piston-rod ; 
% is a disc on the guide-rod, h, which also acts as a stop 
by coining in contact with the block, d\ thereby limiting 
the motion of the piston on its outward stroke. By thus 
limiting the motion of the piston, any strain or undue 
expansion of the flexible chambers £ and f is prevented. 
K^ Ky are vibrating rods, which connect the levers l 
and L'. X; is a pendulous hanger which sustains the 
vibrating rod, k, or suspends it from the bottom of the 
carriage. The lever, l', is provided with pulleys, m, 
on its ends, over which is passed the chain, n, connect- 
ing the brake-rods, n'. With this apparatus, it will be 
seen that the brakes are released by making a vacuum 
on both sides of the piston, and they are applied by 
destroying the vacuum on one side of the piston only. 

Pigs. 26 and 27 show respectively sectional and end 
views of another form of brake-cylinder, by which 
the brakes may be appKed practically instantaneously. 
A represents the cylinder; b the piston; and c the 
pistbn-rod, the end of which projects through the 
cylinder, and connects with the brake-levers, d is a 
compressible sleeve, having a head, rf, through which 
the piston-rod passes, and to which it is permanently 
secured, so that the joint is air-tight. The other end of 
the compressible chamber, d, is secured to the cylinder- 
head, also by an air-tight joint. The part of the cylin- 
der-head immediately around the piston-rod, or within 
the area of the chamber, d, may be pierced with air- 
holes, d\ The piston has packing, c, of leather around its 
periphery, which is held by a ring, c, all bolted together 
so as to form a perfectly air-tight joint, and prevent the 
passage of any air between the piston and the cylinder. 
E is an ordinary clack-valve, which covers an open- 
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ing through the piston. 




It is provided with suitable 
packing, and 
held in place by 
a spring, e. The 
cylinder-head is 
formed with two 
openings, a' a"; 
the opening or 
port, a', connects 
with a tube, g, 
which leads to 
and connects 
with the ejector 
on the engine, 
and with the 
vacuum-pipe 
throughout the 
train. The open- 



ing, 



a", leads to 



the external at- 
mosphere. His a 
lever pivoted to 
the inner side of 
the cylinder- 
head. To the 
arm of this lever 
is jointed the 
stem of a valve, 
I, which covers 
the opening, a . 
The stem. A;, of 
the valve, K, 



projects into a small tube or chamber, L, secured to 
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the cylinder-heady and having an opening or open- 
ings leading to the external air. m, is an excentric 
arranged to come in contact with the valve-stem, 
and push in the valve to its seat, and hold it there 
when desired. A cap may be screwed on to keep the 
valve closed. The operation is the same in some re- 
spects as that of the brake-cylinder. Fig. 24. The air 
being withdrawn from the pipe, g, will cause the valve, 
I, to open and 
the valve, k, to 
close. The valve, 
B, will also open 
and permit of 
the air being 
withdrawn from 
the interior of 
the cylinder. As 
a vacuum is 
formed in the 
interior of the 
cylinder, air will 
enter within the 
compressible 
chamber, d, 
through the perforations around the piston-rod, and force 
the piston to the other end of the cylinder in the position 
shown by the drawing. So long as a vacuum is main- 
tained in the pipe, g, the piston remains in this position ; 
but as soon as the vacuum in the pipe is destroyed, 
the valve, i, instantly closes, thereby forcing the valve, 
K, open, and air passes immediately into the cylinder 
and forces the piston towards the other end, the chamber 
D, being compressed as the piston moves. 

G 




Fig. 27.— Eames' Vacuum-Brake — Brake- 
Cylinder. 
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Thus it will be seen that the destruction of the 
vacuum in the pipes alone is sufficient to cause the 
brakes to act, the vacuum in the cylinder being still 
preserved. 

The piston does not require to move all the length 
of the cylinder in order to apply the brakes, so that 
the cylinder acts as a reservoir or exhausted receiver 
for storing vacuum-power ; and a still greater capacity 
for storing this power may be had by simply connect- 
ing the cylinder with another receiver as indicated by 
dotted lines in Fig. 25. In this way, by means of the 
valves, K and i, the one working the other, the vacuum 
is instantly destroyed, and the brakes applied on the 
simple destruction of this vacuum in the pipe, g, with- 
out using up this reserved power in the cylinder. But 
should a more gradual applica- 
tion of the brakes be desired, the 
valve, K, may be kept closed, and 
the valve, i, open, by bringing 
pressure at m, on the stem of k, 
to force it down on its seat and 
hold it there, when the valve, i, 
Tidll be held open, and the air 
to destroy the vacuum in the 
cylinder will pass in through the 
pipe, G. 

Another form of the automa- 
tically acting valve for admitting 
air into the brake-cylinder to 
destroy the vacuum and apply 
the brake is shown in Fig. 28. 
This valve may be used in place of the valve shown at 
Figs. 26 and 27. a represents the head of the cylin- 




Fig. 28.— Eames' Va- 
cuum-Brake — ^Auto- 
matic Yalve. 
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der, liaving two openings, a' and a", the former con- 
necting with the tube, g, which leads to and connects 
with the ejector on the engine, and the other, a", con- 
necting with a "["-shaped branch pipe, b, fitted to a 
circular chamber, c, one end of which connects with 
the pipe, 6. d is an elastic diaphragm secured within 
the chamber, c ; and e is a valve-rod or stem, one 
end of which is secured to the diaphragm, d, and the 
other carries a valve, p. h is a spring, coiled around 
the valve-stem, e. b b, are openings or ports in the 
pipe, B, communicating with the outer air; i is an 
ordinary valve, which closes the opening, a'. The opera- 
tion of this valve is as follows : — So long as the vacuum 
is maintained in the pipe, g, the diaphragm, d, will 
be drawn towards the pipe, thereby closing the port 
covered by the valve, p, and preventing the passage of 
air into the cylinder ; but as soon as the vacuum is 
destroyed in the pipe, g, the spring, h, will retract the 
diaphragm and open the valve, f, and permit of the 
air passing into the cylinder to destroy the vacuum, the 
operation being very quick. 

The steam air-ejector is shown in Figs. 29 and 30. 
A represents a steam-pipe, one end of which passes 
into the upper part of the boiler, and the other con- 
nects with the tube, c, which encircles the ejector-nozzle, 
B. D is the valve in the steam-pipe, a. The tube, c, 
is somewhat enlarged at its point of connection with 
the steam-pipe, a, but is drawn in at the nozzle of the 
ejector, an(i gradually decreases in diameter to a point 
some distance above the nozzle. It then gradually in- 
creases in diameter for about an equal distance : this 
part of the tube presenting the appearance of two 
united conical frustrums. The rest of the tube is 
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cylindrical, and is cut or formed with slots or per- 




Fig. 29. — Eames' Vacnum-Brake— Steam Air-Ejector, 
forations, c, its top being solid or in the form of 
a cap. 
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The upper portion of 
this tube, c, is surrounded 
by a jacket, c', the upper 
end of which is open to the 
atmosphere. By making 
this eduction-pipe in this 
peculiar form very impor- 
tant results are obtained in 
the operation of the ejec- 
tor. The air is drawn out 
more quickly and with 
less consumption of steam 
than many others, and 
the noise of the escaping 
steam is deadened so as 
to be hardly perceptible. 
B is the ejector-nozzle, 
and b a check- valve pro- 
perly seated within the 
same, ^he lower part of 
this ejector connects with 
two branch air-pipes, e, 
e', which connect with 
the air-pipes throughout 
the length of the train. 
€ is a drip-cock in the 
lower end of the ejector, 
through which any water 
of condensation which 
may be found in it will 
pass away, f, f ' are two 
valves mounted on the 



r* 




Fig. 30. — Eames' Vacuum-Brake — 
Steam Air-Ejector. 



same stem,/, and which serve to open and close commu- 
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nication between the air-pipes, e, e', and the ejector, b. 
G is a valve on the air-pipe, e, which opens outwardly 
to admit air into the pipe, to destroy the vacuum and 
apply the brakes when required. The valve-stem of 
the valves, f, f' and g, are all connected together by 
means of a bell-crank lever, h, so that they all operate 
together, g' is a valve on the air-pipe, e', provided 
with a hand-lever, g. It also opens outwardly to 
admit air into the pipe, e', but it is not used in 
connection with the automatic arrangement. It 
is intended for use in connection with the single 
pipe-brake, i represents a flexible diaphragm inclosed 
in a case, i' ; this diaphragm is provided with suitable 
plates, i, i, and connected by means of a stem, j, with a 
lever, k, which has its fulcrum at k. The lower 
end of this lever, k, is pivoted to one end of a 
connecting-rod, l, and the end is pivoted to the 
hand-lever, d, of the steam-valve, d. j is a spring 
coiled around a piston-rod or stem, j. m is an air- 
pipe, one end of which connects with the train-pipe, e, 
and its other end connects with a valve-chamber, n, 
having an opening or port, n, leading into the dia- 
phragm case, i'. o is a valve-stem located within the 
chamber, n, and which carries two valves, p, p'. The 
lower end of the valve-stem is also encircled by a coiled 
spring, Q. 

The operation of the apparatus is as follows: — 
The brake-blocks are kept off the wheels by the 
Maintenance of a vacuimi in the air-pipes, e, e'. This 
vacuum is created and maintained by the suctional 
action of the steam from the boiler passing the pipe, a, 
and around the nozzle, b, drawing after it the air out 
of the pipes, the valve, 6, rising to permit of its escape 
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as soon as the steam is allowed to pass. So long as the 
vacaum is maintained in the pipe, e, it will also be 
maintained in the pipe, m, and through this pipe com- 
municating with the case, i', a vacuum will be formed 
in it on the adjacent side of the diaphragm, i, the effect 
being to draw the diaphragm towards the opening n, and 
through its connection with the stem, j, lever, k, and 
connecting-rod, operates to keep the steam-valve, d, 
closed. But, as soon as the vacuum in the pipe weakens, 
through leakage or other causes beyond a given degree, 
the spring, q, will draw down the valve-stem, o, 
closing the valve, p, and opening the valve, p', thereby- 
destroying the vacuum in the case, i', and allowing the 
spring, y, to move the stem or rod, j, and thereby, 
communicating with the lever, k, and rod, open 
the steam-valve, d. The passage of the steam will 
again restore the vacuum in the pipes, and thus by 
the pulsation as it were of the diaphragm, i, the opera- 
tion of the apparatus for the maintenance of the vacuum 
in the train-pipe is made automatic. 

The steam- valve may be set so as to operate when 
the vacuum power is reduced to any given degree, and 
may be operated by hand when considered necessary. 
Thus, when it is desired to apply the brakes the engine- 
driver moves the lever, h, so as to open the valve, g, 
thereby admitting air into the pipe to destroy the 
vacuum, the brake mechanism being arranged so as to 
act on the destruction of the vacuum. By the same 
operation, the valve, f, is closed and the valve, f', 
is opened, and the steam- valve being open the ejector 
will exhaust the air through the pipe, e', thereby 
hastening the operation of applying the brakes and rein- 
forcing the vacuum power as already explained, r is 
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a vacuum-gauge connected with the pipe, e, by a 
small pipe, r, by means of which the amount of 
vacuum in the train-pipes can be ascertained. Figs. 
31, 32, and 33 are detail views showing the construction 
of the steam-valve, d. 

The couplings for the train-pipes or tubes 
which form the connection between the car- 
riages of a train, consist of two parts or 
halves, each being the counterpart of the 
other. One part is secured to the flexible 
portion of the tube at one end of the car- 




Figs. 31, 32, and 33.— Eames' Vacuum -Brake— Steam- Valve. 



riage, the other to the tube at the other end, and they 
are so arranged that, when two carriages come together, 
one will present the right half, and the other the left 
half of the coupling, thus facilitating the coupling-up 
of two carriages. The necessity is thus avoided which 
might otherwise arise for twisting the flexible tube out 
of its proper position, in order to bring the parts of 
the coupling together. 

Figs. 34 to 38 represent in detail a coupling which 
is particularly designed for use in connection with the 
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Eames brake. A, a' are the two halves or parts of the 
coupling. As will be seen the opening in the outer end 





Figs. 34 to 38.- Eames* Vacuum-Brake — Coupling. 

of each half is in the form of an oblique cut. Around 
this opening an annular flange a is formed, b is a gasket 
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of indiarubber formed with two annular flanges^ S, h\ 
so as to leave an annular groove between them which, 
when the gasket is placed in position, is occupied by 
the annular flange, a. Each half of the coupling is also 
formed with a projecting lug, c, on the outer side of 
which, at some distance from the point, a transverse 
semicircular groove, c, is formed, d, d' are lugs or 
lateral projections formed on the side of the coupling 
opposite to the lug, c. e is a lever which is pivoted 
between the lugs, d, by means of a pin, c?, which passes 
laterally through the lugs. The outer end of the lever, 
E, is formed into a thumb-piece, Cy and its inner edge 
is provided with a disc- valve, «'. On the inner side of 
the lever, b, is a projection of rounded form, corres- 
ponding to the form of the groove, c, g is a spring 
coiled round a sleeve, which encircles the pin, dy one 
end being secured to the lever, e, and the other to one 
of the lugs D. 

When the pipes are to be coupled, all that is neces- 
sary is to take hold of the parts, one in each hand, press 
on the outer ends of the levers, e, thereby bringing 
them into position shown by Fig. 37, then push the 
two parts together until the gaskets, b, come in con- 
tact. The projecting lugs will then overlap, and the 
projection, f, will enter grooves, c, in which position the 
coupling will remain until the parts are again separated 
either by hand or by the accidental separation of the 
carriages. Should such an accident happen, the two 
parts of the coupling will separate without injuring the 
rounded projections, f, by means of which they are 
held together, slipping out of the grooves, c, c. As 
soon as the parts are separated the springs, g, will 
force the discs, e\ against the gaskets, b, thereby 



EAMES' VACUUM CONTINUOUS BRAKE. 91 

instantly closing the openings of the ends of the coup- 
ling and preventing the passage of air into or from the 
train-tube. When the coupling is separated by hand, 
the result is the same, all that is necessary being to pull 
the coupling apart. 

To sum up. The Eames brake has two brake- 
cylinders on the engine, two on the tender, and one on 
each of the vehicles. Two lines of pipe, with hose and 
couplings, extend throughout the train. One pipe, 
called the automatic-pipe, has a connection on each 
vehicle, with a valve-box, duplex- valve, which box has 
two other pipe connections, one with a reservoir, and 
the other with the brake-cylinder. The hose-couplings 
of the automatic-pipe have valves that can be held from 
closing by hooks, and are so held except when purposely 
closed, as at the rear of the train. The second pipe, 
called the plain-pipe, has a connection directly to each 
cylinder, and the hose-coupling between the carriages 
have valves that close when those couplings are not united. 
On the engine there are two ejectors, one, a small 
one, constantly working for creating and maintaining 
the vacuum in the automatic-pipe and reservoirs ; and 
the other, a large one, for creating a vacuum in the 
plain or non-automatic-pipe when wanted. There are 
also valves for admitting the steam to the ejectors, and 
other valves to admit air to the two lines of pipe, as 
well as gauges to indicate the degree of vacuum in each 
pipe. 

This brake is worked as follows : — The small ejector 
is started, and a partial vacuum is obtained in the auto- 
matic-pipe, valve-box, duplex-valve, and reservoirs. 
To apply the brakes for ordinary purposes, the large 
ejector is worked, and a partial vacuum is formed in the 



92 CONTINUOUS RAILWAY BRAKES. 

plain-pipe and all of the cylinders, a check- valve being 
put in each duplex valve-box to prevent air from 
passing to the cylinders from the automatic-pipe. The 
brakes are released by letting air into the plain-pipe 
and cylinders by means of a valve on the engine. If a 
train breaks in two, the two-pipe couplings separate. 
The automatic-pipe remains open, and destroys the 
vacuum in the pipe and on one side of the diaphragm 
in each valve-box, which diaphragm moves so as to 
open a passage from the reservoir to the cylinder, thus 
practically exhausting the air and applying the brakes. 
The brakes on the detached portion may be quickly 
released by simply opening the valve of the non-auto- 
matic or plain-pipe coupling which lets air into all the 
cylinders. Each van has a valve for admitting air to 
the automatic-pipe, for the guard to apply the brake. 
From the above it will be seen that the brakes are 
automatic if a train breaks in two, or if the automatic- 
pipe alone is destroyed. But the brakes will not act 
with effect if the flexible-piston of the brake-cylinder 
on any one carriage is destroyed, or if the non-auto- 
matic-pipe is broken off, as may be the case in an 
accident. The flexible pistons are of rubber and are 
exposed. They are therefore liable to be damaged. 

Conclmion, — The Eames brake, with double line of 
pipe, although claiming to be automatic in its action, is 
subject to the same objections as non-automatic vacuum- 
brakes, because in many cases, as shown above, the 
brakes do not act, or they lose their power. This brake, 
therefore, does not give any more security than a non- 
automatic vacuum-brake, and the great complication of 
its component parts is entirely without object. 



CHAPTER X. 

ASPINALL'S AUTOMATIC VACUUM-BRAKE. 

In the Asplnall brake, atmospheric pressure opposed to 
a vacuum is the force employed; the vacuum being 
formed by means of an ejector, or a pump. 

A vacuum is maintained on both sides of a dia- 
phragm-piston, by the action of exhaust. When the 
vacuum is destroyed on one side of the diaphragm, the 
brakes are applied. When the brakes are to be released, 
the vacuum is restored on both sides. 

Fig. 39 is a transverse section of the apparatus 
as fitted to each vehicle of a train with a double-pipe 
system ; h is the diaphragm which is inclosed in the 
air-tight casing A, and the rod from the diaphragm, A, 
works air*tight through the bottom of the casing. 

The upper and lower parts of the cylinder, A, are 
united by flange-joints to which the leather of the 
diaphragm, A, is also united, as shown in the usual 
manner. Fig. 40 shows a modification of the brake- 
cylinder, in which the upper part of the cylinder is so 
much larger than the lower part, that, when a vacuum 
is produced in it, it practically acts as a vacuum reser- 
voir upon the application of the brakes and so obviates the 
necessity of employing separate reservoir chambers, as 
is often the practice* Although such separate vacuum 
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reservoirs may be employed with this form of cylinder, 
where a still greater power and rapidity of action is 

desired, the stroke 
or lift of the dia- 
phragm, A, is 
limited, and there- 
by the durability 
of the leather en- 
sured by the flange 
or ledge A;'. The 
same object is at- 
tained in the cylin- 
der shown in Fig. 
39, by making the 
height of the upper 
part correspond- 
ing to the desired 
stroke or lift of the 
*^ diaphragm. The 
g height or capacity 
of the upper part 
of the cylinder 
shown in Fig. 40 
should, where pos- 
sible, be, say three 
times that of the 
lower part, be- 
cause, for ordinary 
practical working 
purposes, a va- 
cuum of 20 inches only is as much as can be obtained 
and maintained. 

The rod, /, for working the brake-gear, is attached 
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to the diaphragm A, but works air-tight through the 
bottom of the cyKnder, A, by an arrangement consti- 
tuting a flexible or collapsible joint. The joint, which 
acts in place of 
an air - tight 
collar or stuflF- 
ing - box, is 
formed by at- 
taching to the 
outside of the 
casing a coni- 
cal tube or 
sleeve, iw, made 
of indiarubber 
or leather. 
This tube, m, 
is at one end 
fixed to the 
rod, /, and at 
the other to the 
bottom of the 
cylinder, k. It entails very little resistance or friction, 
and is durable and convenient. 

Referring again to Fig. 39, a and b are two pipes 
which lead through the train, connected with the 
cylinder, k, on each side of the diaphragm. A, through 
a reversing double-beat and double- seat valve appliance, 
consisting of the two seats, e' and e^, with the valve e, 
which can seat itself on either of them, and the valve 
seats/' and /, with the indiarubber valves, / and g, 
respectively. The pipe, c, communicates with the 
bottom of the diaphragm piston, h, and the pipe, d, 
with the top of the same. The consequence of this 




Fig. 40. — ^Aspinall's Vacuum-Brake— Modifi- 
cation of Brake-Cylinder. 
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valve arrangement is that, if both train-pipes, «, b, are 
exhausted, the cylinder, k, will be exhausted on both 
sides of the diaphragm, h, because the valves, g and /, 
will open, and the valve, e, will be in a position be- 
tween the two seats, e' and ^ ; whereas, if air be 
admitted to either pipe, a or b, while the exhaust 
is continued through the other, the air wiU be directed 
to the bottom of the diaphragm, h, and allow the 
exhaust to be continued from the top. If, for in- 
stance, air be admitted to the pipe, a, the valve, g, 
will close on its seat, (/, and the valve, e, will 
be driven over against its seat, e', as shown in the 
drawing — ^allowing the air from the pipe, a, to rush 
into the pipe, c, and to the bottom of the diaphragm, A. 
The exhaust at the same time continues through the 
train-pipe, J, and the pipe, d, the valve, /, remaining 
open, and a vacuum being maintained above the dia- 
phragm, h, whereby the valve, e, is also retained firmly 
on its seat, e\ If air be admitted to both train-pipes, 
a and ft, as, for instance, by the parting of the train, 
the valves, / and g, closing on their respective seats, 
shut off all commimication with the pipe, d, and the top 
of the diaphragm, h, and the air flowing past the valve- 
seat, e' or e^, or both, will be directed to the pipe, c, 
and the bottom of the diaphragm, h, raising the same 
against the vacuum above, and thereby applying the 
brake. 

To allow the air admitted to one of the pipes, a or b, 
by the driver, when applying the brakes, to take full 
effect, a valve on a rod connected to a diaphragm is 
used on the engine to stop the communication between 
the pipe and the ejector when air is admitted. This 
arrangement is illustrated in Fig. 41 ; i is the dia- 
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phragm, and j the valve connected to It. This valve 
opens, that is, comes into the position shown, when the 
eidiaust or larger ejector is started to set the brakes, 
or to release them, and will remain open so long as the 
vacuum is being maintained in both pipes, a and J. 
But it closes when air from any cause is admitted to 
the automatic-pipes, a and c, or 6 and c. 

The mode in which this valve, Fig. 41, works, is as 
follows: fl? is a pipe leading to the ejector or pump, 
and to the upper 
portion of the cy- 
linder, A; c is a 
pipe leading to the 
lower portion of 
the" cylinder, Iz ; w 
is a pipe in commu- 
nication with Cy but 
closed to the atmo- 
sphere by a move- 
able valve, g', which 
can seat itself 
either on the 

mouth of the pipe, a?, or the pipe, «?, turning on 
a hinge, ((. This pipe, a?, admits atmospheric air to 
the top of the diaphragm, t, through which a very 
small hole, n, leads to a chamber, o, from which a 
small pipe, J3, is led to the ejector above the valve 
usually placed in the base, so that, when the large 
ejector is not exhausting, the air is free to flow into the 
pipe, j3, and chamber, o. The diaphragm is by a stem 
connected to the valve, ;, which can close on its seat, ; ', 
and stop communication between the pipes, d and c. 
So long as the exhaust is maintained in the pipes 

H 







Fig. 41. — ^Aspinall's Brake — Stop- Valve. 
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d and c, the valve, J, will remain open, as shown in the 
figure, but when the driver applies his brake, admitting 
air to the pipes, w and c, thence to the bottom of the 
cylinder, k, he turns the flap- valve, q, over on to the 
pipe X, and the valve,/, will close on its seat,/', because 
there is a vacuum in the pipe, d. All communication 
between the pipes, d and c, is thus shut ofF, and the 
exhaust can be continued from the top of the cylinder, k. 
The large ejector having been brought into use in order 
to produce a greater vacuum above the sack dia- 
phragm, h, Fig. 39, in order to intensify the action of 
the brakes, a vacuum is also created above and below 
the small diaphragm, % Fig. 41, through the pipe, p 
and the small hole, n. The diaphragm, t, therefore, 
remains in equilibrium, and does not move the valve, j. 
To release the brakes, the driver moves the valve, q, 
from its seat on x to its seat on w, thereby allowing 
the atmosphere to enter a?, and preventing it from 
entering w. 

The larger ejector can be started at the same time, 
creating a vacuum in the chamber, o. The air now 
acts on the top of the diaphragm, i, which is larger 
than the valve, j\ and opens it instantly, and the air 
once more flows from the pipe c to the pipe d, and out 
through the ejector. The valve is also of great use in 
allowing the driver to graduate or regulate the power, 
or the suddenness with which the brakes are to be 
applied according to requirements. 

In case air be admitted to either or both train-pipes 
from some part of the train behind the tender, a double- 
beat valve is used connecting the pipes, d and c, on the 
tender. This valve is illustrated by Fig. 42. It is 
placed in some convenient part of the tender, and is so 
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arranged that tlie air will be directed to tlie pipe or 
chamber c, communicating with the bottom of the 
sack, k, on the tender, and connected to the diaphragm- 
valve above described with reference to Fig. 41, and 
which communicates with the bottom of the sacks on 
the engine and tender. The valve, Fig. 42, at the 
same time stops the 
admission of air to 
the other train-pipe 
on the engine and 
tender, so that the 
exhaust maybe con- 
tinued from the top 
of these diaphragms, 
h. It is constructed 
80 that if air is ad- 
mitted to the train- 
pipe, a, the valve, r, 
which is connected 
by a stem, r^, with 
the valve, 8, is forced 
on its seat, shut- 
ting off communica- 
tion with the atmo- 
sphere and with the 
top of the engine- 
and-tender sack, and 
at the same time forcing the valve, 8, from its seat, «', 
and allowing the air to flow past 8 through the pipe, 
c, to the bottom of the engine-and- tender vacuum- 
cylinder. 

If, however, the air is admitted to the pipe b, and 
not to the pipe a, the valve, 8, closes on its seat, s^, and 




Fig. 42.- 
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effects the same result. It is fitted with a screw, 8, 
which is used when the engine is working a train fitted 
with the ordinary yacunm-brake. This screw serves 
to force the yalve, r, on to its seat, so as to make 
the communication between the ejector and the top of 
the engine sacks, *, independently of the pipes between 
the train-sacks. Or, instead of the diaphragm-yalve 
described with reference to Fig. 41, a single yalye, /, 
as illustrated by Fig. 43, can be used in connection 
with an air-admission yalye, g, whereby the driyer, 
in admitting air to apply the 
brake, also shuts off the com- 
munication with the ejector, 
as indicated in the drawing. 
But where automatic action is 
required in all cases, a yalye as 
shown by Fig. 42 is necessary. 

When the engine is coupled 
with the train, the brakes are re- 
leased by re-creating a yacuum in 
the lower portion of the brake-cylinder, h. This is done 
by dropping the yalye of Fig. 43 (when this yalve is 
used instead of that shown at Fig. 41) into its normal 
position here shown, when the injector will again 
exhaust from the train-pipe, 6, and the lower portion 
of cylinders, k. 

The br^ke as described aboye, with a double line of 
train-pipes, may be so adapted as to work at will as 
follows : air is allowed access to both sides of the dia- 
phragm, hy and the brakes are applied by creating a 
yacuum one side of this diaphragm ; the brakes are re- 
leased by readmitting air and destroying the yacuum, or, 
in other words, the systems of yacuum-brake can be 




Fig. 43.— AspiiiaU'B Va- 
cuum-Brake — Single 
Valve. 
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worked by the same arrangement. Carriages fitted 
witli this brake can be interchanged with those fitted 
with other systems of yacuum-brake, which are like- 
wise operated by double or single line of pipe, and 
which are fitted with similar couplings. The arrange- 
ment is the same as first described, with the following 
additions : the reversing valve, ^, e, /, described with 
reference to Fig. 39, is used, and between it and the 
casing in the pipes, d and c, communicating with the 
top and bottom of the diaphragm, A, are respectively 
two valves. One is made to close the pipe in which it 
is placed when air is admitted to that pipe, which the 
reversing valve, ^, e, /, will not now do when the train 
parts, and the other, or second valve, is so arranged 
that it can be set to open a through communication 
between the reversing valve and the bottom of the 
diaphragm, h, or close to the pipe from the reversing- 
valve, and admit air direct to the bottom of the dia- 
phragm. When working automatically, this valve is 
in its first-mentioned position, and the first-named 
valve is free. When it is desired to work on the ordi- 
nary vacuum system, the second valve is fixed in its 
second p'osition, and this at the same time fixes the 
first valve open. One of the arrangements for enabling 
the trains to be worked on either the automatic prin- 
ciple or the ordinary vacuum principle, is illustrated 
by Fig. 44, which is an arrangement similar to the one 
shown in Fig. 39, but with the addition of a three- 
way cock, and other parts. This figure simply 
shows another form of brake-cylinder, suitable where 
height is of importance. When working automati- 
cally, the plug) u, of the cock is so set, as shown, as to 
cause communication between the pipe, e, and the lower 
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portion of the brake-cylinder, A, the consequence being 
that the opening through the cock to the atmosphere 




is closed. When working with Smith's or Hardy's 
system, the plug, u, of the cock is so set as to open 
communication between the atmosphere and the lower 



[ 
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portion of the brake-cylinder, A, ako between the 
pipe c and the pipe d, leading to the top of the brake- 
cylinder, k, as shown in dotted lines ; whereby is esta- 
blished a continuous communication between the lower 




portion of the cylinder, k, and the atmosphere, under 
all circumstances between the top part of cylinder, k, 
and the train-pipe, independently of the directing 
valves, ffyf, e. 
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When working with the ordinary vacuum system^ 
the screw a, Fig. 42, in the valve behind the 
tender is screwed up against the valve, r, forcing it 
against its seat. The driver's valve is also used 
with this system. 

The mechanism employed with the single-pipe 
system is as follows : — Fig. 45 shows the brake 
cylinder applied to a single train-pipe, a, which, by a 
branch pipe, b, is connected with the bottom of the 
cylinder, A;, and by a pipe, d, with the pipe, c, leading 
to the top of the cylinder, k. There is a valve 
between the two latter pipes, free to open when 
there is air in the upper and lower parts of the 
cylinder, k. 

When air is admitted to the train-pipe, a, the dia- 
phragm, h, will be forced up and the brakes applied, 
the valves at the same time closing, and retaining 
the vacuum in the upper portion of the casing, A. 

To take off the brakes, a vacuum must be recreated 
in the train-pipe, a, or air must be admitted to the 
upper part of the cylinder, k, if the engine is un- 
coupled from the train. This latter is effected by 
opening the valve, t, by means of the rod, v, which, 
as it passes out through a hole in the pipe, c, is pro- 
vided with a flexible sleeve or tube joint, similar to 
that of the rod, I, at the bottom of the cylinder, k. 
By means of a lever, y, on a weigh-shaft, z, and the 
lever-handle, 2', the valve, ty may be opened from each 
side of the carriage. The handles, 2', are so heavy 
as to keep the rod, t?, normally in the raised position 
here shown. 

Improvements have been introduced for regulating 
the flow of air in vacuum-brakes, so that as soon as the 
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vacuum in the train-pipe for automatic action is 
seriously impaired, the brake flies on at once and 
pulls the train up. The improvement relates to valves. 
Fig. 46 is a vertical section through one of these 
valves ; it consists of a head or plate, a, fixed to a flex- 
ible diaphragm, J, above which there is a close cham- 
ber, c ; this diaphragm-head, a, or a continuation 
thereof, in the form of a valve, a', as shown, in this 
instance seats itself in the lowest position of the dia- 
phragm, b, on a valve seating, 
a^, and closes the communica- 
tion between the train-pipe, c, 
and one or more — ^in this case 
four — ^apertures, d, to the at- 
mosphere. 

There is a communication 
hole through the stem of the 
valve, a a', or a very small 
pipe establishing a certain de- 
gree of commtmication between 
the chamber, c, above the dia- 
phragm and the under side of 
valve. The lever, e, for ac- 
tuating this valve by hand is 

so balanced relatively thereto that, when a vacuum is 
created throughout the train-pipe, c, and by the small 
communicating hole in the chamber, c, above the dia- 
phragm, the valve, a a', is almost in equilibrium ; but 
as the head, a', is greater in area than the diaphragm 
head, b, it remains sufficiently tight in its seat, o^, to 
prevent air admission to the train-pipe, c. When the 
vacuum in the latter is impaired, the equilibrium is de- 
stroyed. The atmosphere, having, as before, access to 




Fig. 46.— Aspinall's Brake. 
Valve. 
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the underside of the diaphragm, b, will then force the 
latter up, raising the valve, of, from its seating, a', 
and admit air completely to the train-pipe, c, at this 
place by the opening,' ei? . Atmospheric air will now 
gradually find its way into the chamber, c, above the 
diaphragm through the small hole; the valve a, a', 
will then descend again by gravity and close the air 
admission to the train-pipe, c. By means of 'a vacuum- 
gauge connected to the chamber, c, the brake-power 
may be constantly indicated. This improved valve is 
applicable to the single-pipe system and the double- 
pipe system already described. In the latter case, it 
is connected with the pipe communication with the 
lower portion of brake-cylinder under the guard's van, 
an ingenious valve device for automatic action where 
double lines of pipes are used along the train. 

In case air is admitted to either or both pipes from 
any part of the train the air will be directed to the 
lower part of the sack, and the vacuum upon the upper 
side of the sack diaphragm will be maintained, or the 
exhaust may be continued from the upper part of the 
diaphragm where only the pipe is severed ; or air is ad- 
mitted by the driver or the guard, or by accident, to 
the lower side of the sack. 

Fig. 47 is a cross section of one such directing 
valve. It has four valve-seats, e\ /^, g^, h^, meeting in 
one centre line, and arranged in a casing which, at two 
opposite sides, viz., at a' and at b\ communicate respec- 
tively with two main pipes ; and at two other sides, viz., 
at rf' and c' respectively, with top and bottom of sacks. 
The valve is made of one continuous piece of leather, 
having three metallic pieces to stiffen it. 

By this valve arrangement, which is placed between 
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the two train-pipes, the flow of air is automatically 
regulated from the top and bottom of the sacks. 

Fig. 48 is a section of a directing valve to be used on 
the engine for 



the purpose of 
putting on and 
releasing the 
brakes. * This 
valve is used 
in combination 
with the valve 
shown in sec- 
tion in Fig. 49. 
This valve re- 
gulates the flow 
of air to the 
bottom of the 
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Jo botLom of Casing 
Fig. 47. — ^Aspinall's Brake— Directing Valve. 



engine-and- tender sacks. By the combination of these 
two valves (Figs. 48 and 49) the use of the engine- 




Fig. 48.— Aspinall's Brake— Directing Valve. 

man's valve and the valve at the back of the tender, 
already described, may be dispensed with. 



108 CONTINUOUS BAILWAY BRAKES. 

The valve, Fig. 48, is constructed in two parts, which 
are similar to one another. The pipe, q, leads to the 
ejector and to the top of the engine-and-tender sack. 
The ejector exhausts the air from 
the train-pipes, c and d, which 
flows past the valves, r and 8, to 
the pipe, q. The valve r is 
formed with a spindle having two 
heads, the head, r, seats itself on 
^^P^ the seat, /, and shuts off commu- 

Kg. 49. — Aapinall's nication between the pipe, c, and 
vlayer^"^'^*^"^ the ejector pipe, q. The head, 
t, is attached by means of a dia^ 
phragm, t\ to the flange of a chamber, u, which 
communicates with a similar chamber over the valve- 
spindle of 8, by means of the opening, u\ There is a 
small hole, t^, causing communication between the pipe 
q, and the passage, u\ A pipe, v, upon the top of 
which is a flap valve, t/, communicates with the 
chamber, u. The pipe, w, communicates with the 
train-pipe, c, and terminates with a flap valve, w\ 

To apply the brakes, the driver lifts to', air flows to 
c, and forces r into its seat, /. A vacuum has been 
formed above the head, t, through the small hole, fi ; 
t is therefore in equilibrium. The ejector goes on 
exhausting through the train-pipe, d, as the valve, 8, 
remains in the position shown in the drawing. To take 
off the brakes, the driver closes the valve u/, and opens 
the valve t?'. Air now rushes to the top of the head t, 
and this being larger in diameter than the head r, it 
forces it on to its seat, /, and the air in the train-pipes, 
c, once more flows to the ejector. As soon as the brakes 
are off, the valve t/ may be dropped on its seat, when the 
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head^ t, will once more be put in equilibrium by the air 
being drawn out of the chamber, u, through the 
hole, ^. 

Should air be admitted by accident to the train- 
pipe, d, the valve, «, will act in a precisely similar 
manner, and may be reopened by opening the valve, t/. 
Should air be admitted to both train-pipes by acci- 
dent or^otherwise, both valves, r and «, will close, the 
brakes on the engine and train will be applied, and the 
ejector will continue to exhaust from the top of the 
engine and tender, and the brakes will be released by 
opening the valve t?'. The valve shown in section at 
Fig. 49 is placed between the train-pipes, c and rf, upon 
the engine, and directs the flow of air to the bottom 
of engine-and-tender sacks. The pipes c and d are 
not connected with the top of the engine-and-tender 
sacks, but only with the bottom of them through the 
valve. This valve, a:, is formed with two seats, a;' 
and a?. It has three branch-pipes; of which c and d 
commimicate with the main train-pipes; the third 
branch, y, leads to the bottom of the sack. If air is 
admitted to c, the valve x flies over to its seat, x', 
as the ejector continues to exhaust through the pipe, d. 
If air is admitted to d, the valve x seats itself 
on a?, and the ejector continues to exhaust through the 
pipe c. In either of the above cases, the air flows to 
the bottom of the engine-and-tender sack, through the 
branch, y, and the brakes are applied. If air is admit- 
ted to both c and d, it flows to the bottom of the sacks 
through y, and applies the brakes. 

A valve is made for the purpose of closing the con- 
nection between the upper portion of the sacks and the 
train-pipe, at the same time ensuring that the same shall 
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be reopened either by tbe creation of a vacuum in tlie 
train-pipe equal to or less than that in the upper portion 
of the sacks, or by hand where it becomes necessary. 
This valve is used either with the single or the double- 
pipe system to enable communication between the 
ejector and the top of the sacks to be established after 
the brake has been applied, and after the power of 
producing as good a vacuum in the train-pipes as there 
is in the top part of the sack, has been lost. The valve, 

which is shown in section 
in Fig. 50, will, when 
seated on the seat, /, close 
the connection between 
the train-pipe and the top 
of the sacks. It is formed 
with a hoUow stem, m, 
communicating by one or 
more perforations with 
the train-pipe (and thus 
also with the bottom of 
the sacks), and passes air- 
tight through the wall 
of the valve - chamber. 
Being attached thereto by a leather sleeve or tube, 
m\ its outer open end terminates in a chamber, n, 
one side of which is formed by a head. A, on the 
stem of the valve, the head being attached to the 
sides of the valve-chamber by a diaphragm, g. The 
head, h, is fixed to the hollow stem, m, by means of 
the nut, / The stem may be solid, and a side pas- 
sage be formed between the chamber and the com- 
munication to the train-pipe. 

Conclusion. — The Aspinall Brake in its various 




Fig. 50. — Aspinall' s Brake — Valve. 
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forms, as described above, has only been partially- 
applied for experimental purposes, and cannot be con- 
sidered to have entered into practical working. 

As far as the single-pipe brake is concerned, it is 
subject to most of the objections raised against the 
Hardy Automatic Vacuum-Brake, whilst the double- 
pipe arrangement has the same defects as the Eames 
apparatus, and is, therefore, not much safer than a 
non-automatic brake. 



CHAPTER XI. 

BARKER'S HYDRAULIC CONTINUOUS-BRAKE. 

Hydraulic brakes are worked by means of salt-water 
or other liquid stored under pressure in an accumu- 
lator. To pump the liquid into an accumulator, Barker 
employs a direct-acting steam-pump, which can be 
worked by steam from the boiler of the locomotive, 
and is constructed in the following manner : — The 
steam-cylinder and the pump-cylinder are, as usual in 
direct-acting steam-pumps, in a line with each other, 
tandem fashion, and a piston-rod secured to the piston 
of each cylinder passes through stuffing-boxes in the 
two cylinder covers in the ordinary manner. The 
admission and escape of steam from the steam-cylinder 
is controlled by a piston- valve. From the valve a rod 
passes out through the end of the valve-chamber, and 
lies parallel Mrith the piston-rod of the steam and the 
pump-cylinders. Between the two cylinders, the piston- 
rod has a crosshead attached to it, which embraces the 
valve-rod, and is free to slide to and fro upon it. Upon 
the valve-rod are two coiled springs of equal length, 
one on each side of the crosshead, and abutting at their 
opposite ends against collars upon the valve-rod. By 
this means, when the piston of * the steam-cylinder 
passes beyond the centre of its stroke, one or other of 
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the coiled springs is compressed, and tends to shift the 
valve over from one position to another. The valve is, 
however, prevented from moving over, by a projection 
upon the valve-rod, which comes into contact with a 
stop carried by a lever. This lever is free to turn 
upon a pin at one end, and is held down by a spring at 
its other end. As the piston of the steam-cylinder 
completes its stroke a roller upon the crosshead of the 
piston-rod acts upon an incline on the lever above 
mentioned, and lifts the free end of the lever; the 
stop upon the lever is thereby moved out of the way of 
the projection upon the valve-rod, and the valve is at 
once thrown over by the action of the coiled spring, 
which had previously been compressed, and the valve 
is held over in its new position by the spring. As the 
piston of the steam-cylinder travels back, the stop-lever 
is drawn down by its spring, and prevents the valve 
from moving over until the completion of the stroke, 
when it is again free and shifted in the manner pre- 
viously described. The width of the stop upon the 
lever, and that of the projection upon the valve-rod, may 
be so adjusted as to allow a sUght movement of the valve 
at the centre of each stroke. By this means, steam 
may be partially or entirely cut off at the middle of 
the stroke, and so the steam in the middle of the 
cylinder may be allowed to work expansively. The 
extent of movement of the valve at the end of each 
stroke is limited by the projections upon the valve-rod 
alternately coming in contact with a fixed stop. Con- 
cussion is obviated by discs of vulcanized indiarubber 
interposed between them. The piston-valve is com- 
posed of two pistons at a distance apart from each 
other. Each piston serves alternately to admit steam 
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to, and shut it ofE from the port leading from one end 
of the cylinder, and at the same time to open or close 
the communication of this port with the exhaust 
steam. 

Steam is admitted to the central space of the valye- 
chamber between the two valves, and the exhaust is 
led off from its two ends. The ports for admitting 
steam to, and exhausting it from the two ends of the 
steam-cylinder enter the cylinder at some distance from 
its ends. From each port is a branch-port of con- 
tracted dimensions leading to the end of the cylinder. 
The piston of the steam-cylinder at the ends of its 
stroke passes beyond, and so closes the main port, whilst 
the contracted branch-port remains open. Thereby 
the piston is both brought up and started again quietly. 
The pumps are provided with indiarubber lip-valves, 
having the interior surfaces made of hard rubber and 
the exterior of soft rubber. "When so made, no doubt 
the valves are much less liable to failure under heavy 
pressure. 

The apparatus for applying the brakes to the wheels 
of the guard's van is constructed in such a manner that 
it can be worked both by hand in tjie ordinary manner, 
and by liquid pressure from the continuous pipe of the 
hydraulic-brake apparatus, which is carried along the 
train. For this purpose, the link which rises up fipom 
the ordinary brake-gear below the guard's van, and 
which link has to be lifted to apply the brake, is 
coupled by a pin-joint to a cap which comes above a 
nut upon a vertical screw of the ordinary hand-gear. 
Below the cap is also a hoUow tubular plunger, work- 
ing in an hydraulic cylinder. When fluid under 
pressure is admitted to the hydraulic cylinder, the 
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hollow plunger rises, whereby the cap and link are 
raised, and the brake is applied without moving the 
nut or the screw. The guard can also apply the brake 
by turning the screw by means of the ordinary hand- 
gear. The nut then travels upwards along the screw, 
carrying the cap with it and applying the brake. It 
is automatic or self-applying in case of severance by 
the accidental parting of the train. Fixed under each 
vehicle to which brakes are attached, are two separate 
cylinders, each containing a piston. Each piston is 
loaded by a spring, and the liquid under pressure, ad- 
mitted to the cylinders from a continuous tube, over- 
coming the resistance of the springs, forces the piston 
to the top of the cylinders. Each cylinder thus con- 
tains fluid under pressure. One cylinder is to supply 
fluid under pressure to apply the brakes, and is fitted 
with a back stop- valve ; the other cylinder is not so 
fitted, and, on the tube becoming broken, the fluid is 
free to escape from this cylinder, and the spring forces 
the piston in the cylinder to the bottom of its stroke. 
The movement of this piston is made to open a valve, 
by means of which the fluid under pressure in the 
first-mentioned cylinder is allowed to pass from there 
and exert its force on a piston actuating the brakes, 
and forcing them against the wheels. On the con- 
tinuous pipe becoming broken, and the piston being 
forced to the bottom of the stroke, the valve, which is 
moved by the piston, is made not only to open com- 
munication from the cylinder under each carriage con- 
taining fluid under pressure to the brake-cylinder, but 
also to close the communication between the pipes 
which contain fluid, (by which the brakes are in the 
ordinary course applied from the engine or the guard's 
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van), the brake-cylinders, and the other pipes running 
under the carriages. 

The fluid can be supplied under pressure to the 
continuous-supply tube by machinery, either on the 
engine or in the guard's van. In order that the hose- 
pipes, which serve as connections between the car- 
riages to couple-up the continuous pipes of the several 
carriages, may be readily uncoupled, and the escape of 
fluid under pressure at the same time prevented, a 
combined coupling and cock is provided. The kind of 
bayonet-coupHng used is so arranged that a quarter 
turn of a handle is made to grip a swivel tied into the 
hose in close contact with the cock, the joint being 
made tight by two indiarubber rings. In moving this 
handle a quarter turn, it is caused to move the plug of 
the cock a quarter turn. The end of the plug of the 
cock, when brought into contact with the swivel end of 
the hose by means of the bayonet-joint, is made to 
turn a plug fitted into the swivel ; and in this way, at 
the same time as a quarter turn is given to uncouple 
the hose, this movement, turning each plug a quarter 
turn, prevents the escape of fluid, and vi<^ versd. On 
the coupling-up of the hose, the quarter turn of the 
plug opens the cocks as is required ; the bayonet-joint 
is also arranged in such a manner as to ensure that, 
when coupling-up, the two plugs are fair with each 
other, so preventing the possibility of one plug being 
open and the other shut when the coupling-up is com- 
pleted. The hose, which serves as connections between 
the pipes of the brake-apparatus of the several car- 
riages, is protected and strengthened by wire coiled 
round it. A pump is used for forcing the fluid under 
pressure, and the pump may be worked by steam by an 
excentric motion. 
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The piston of the pump is kept tight by employing 
a ring of leather, or other suitable material, similar to 
a metallic ring, but without a cut in it, to allow it to 
expand. Inside this leather ring is enclosed a metallic 
ring, cut as an ordinary piston-ring, the object of 
which is to spring the leather ring out, and keep it 
in close contact with the cylinder. Two such packing 
rings are used in each cylinder, in separate grooves in 
the piston. The water under pressure is admitted 
behind the rings in one groove from one end of the 
piston, and to the other groove from the other end. 
In order to place under pressure the fluid by which 
pressure-brakes are actuated, a friction-wheel is in 
some cases employed, running either on the periphery 
of one of the running-wheels of the carriage, or by a 
drum fixed on the axle of a vehicle, and so arranged 
that on the friction-wheel being forced against the 
revolving wheels the friction-wheel is made to rotate, 
and in doing so it winds up a chain. This chain is so 
arranged as to lift a piston working in a cylinder, the 
cylinder being full of water. On the piston being 
forced in by means of the chain, water is expelled. 
This water is connected by pipes with the brake- 
cylinder and appHes the brake-blocks ; and, therefore, 
as the piston is more or less powerfully forced inwards 
by means of the friction-wheel being more or less 
powerfully forced in contact with the revolving wheels, 
and thus bringing greater strain to bear on the chain 
by means of the piston, the water is more or less 
powerfully expelled; and the brakes may thus be 
applied with any degree of force. In cases where 
great leverage is required for applying the brake-blocks, 
instead of using several levers, as is frequently the 
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case, an excentric is mouiited on the brake-shaft, and 
by turning the excentric the brakes are applied. The 
degree of leverage can be regulated with ease by vary- 
ing the throw of the excentric. 

A speed-indicator is used in order that the driver or 
the guard of the train may at all times ascertain at what 
speed the train is travelling, and thus to what degree it 
is necessary to apply the brake when it is desired to 
stop the train ; and also, when the brakes have been 
applied, to know how quickly the speed of the train is 
being reduced. 

Figs. 51 and 52 show a steam-pump in section and in 
plan. A is the pump-cylinder, b the steam-cylinder, 
c the piston-rod uniting the pistons of the two cylinders, 
D is a cross-head on the piston-rod, d' an arm extending 
from the cross-head and at its end embracing the valve- 
rod, B. F, F, are coiled springs surrounding the valve- 
rod, one on either side of the end of the arm, d'. These 
springs at their opposite end abut against collars upon 
the valve-rod. Upon one of these coUars is a projection, 
G, which at the centre of each stroke comes against one 
or other side of a stop, h, on a lever arm, h'. This 
arm turns upon a pivot at one end, and is drawn down- 
wards at its opposite end by coiled springs, i. There is 
a roller upon the cross-head, d. At the end of each 
stroke this roller comes against one or other of the 
inclines, h^, on the lever, h , and moves the lever 
upwards until the stop, h, has been moved clear of the 
projection upon the valve-rod. The valve-rod is then 
shifted endwise by whichever of the coiled springs is in 
compression, as before explained. The piston then 
travels back, and the stop comes into position to 
again control the movement of the valve. As before 
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explained, tlie valve may, at the centre of each 
stroke, be allowed to move a short distance before 
being arrested by the stop, h, so as then to partly or 
entirely cut off the admission of steam to the cylinder. 
K is a fixed stop, which controls the amoimt of 
movement given to the valve at the end of each stroke ; 
L, L are two coUars upon the valve-rod, one on either 
side of the stop, k; l', l' are discs of vulcanised 
indiarubber carried by these collars to avoid shock; 
M, are the two pistons or discs forming the valve, 
at a distance apart upon the valve-rod. Each 
piston serves alternately to admit and to cut off 
steam from the ports, n n, which lead to the op- 
posite ends of the steam-cylinder. Steam is admitted 
constantly to the central space, o, between the discs, 
and the exhaust is led from its two ends, p, p are 
small branch ports from the ports, n, to the extreme 
ends of the steam-cylinder. When the piston travels 
past and covers one or other of the ports, n, the steam 
enclosed in the space between the piston and the 
cylinder-ends forms a cushion to arrest the movement 
of the piston, as the steam can only escape through the 
small port, p, in the same way. When the valve has 
been shifted over at the end of the stroke, steam is at 
first admitted slowly to the cylinder-end through the 
small branch port until the piston has commenced to 
move back, and has travelled past the end of the port, 
N, steam then enters the cylinder freely through this 
port. 

Fig. 53 shows a section of the pump, a is the outer 
valve-casing ; J is an inner cylinder with holes, b\ in 
its sides ; c c are rings of indiarubber made, as shown, 
with lips abutting against each other. 
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Fig. 63.— Barker's 
Brake — Section 
of Pump. 



The lips are pressed against one another by the 
screwing on of the cover, a', of the valve-case; the 
cylinder, J, is closed at the top, and at 
its lower end has a flange around it, 
between which and the bottom of the 
valve-case a tight joint is obtained by 
a ring of vulcanised indiarubber in- 
terposed between them. The lip- valves, 
Cy are, as already explained, composed 
of an inner ring of hard rubber, c\ and 
an outer ring, (?, of soft rubber with 
which the lips are formed, as shown. 
By constructing the lip- valves in this 
manner, partly of an inner ring of hard rubber, and 
partly of an outer ring with flexible lips of soft rubber, 
the soft rubber lips are prevented from being forced by 
high pressures into the holes of the cylinder, h\ and 
from being thereby destroyed. 

Figs. 64, 65, and 56, illustrate the apparatus for ap- 
plying the brakes to the wheels of the guard's- van, so 
that it can be worked by hand in the ordinary manner, 
as well as by hydraulic pressure. «, a are the links 
which rise up from the ordinary brake-gear fitted below 
a guard's-van. In place of simply jointing these 
links to a nut which can be raised by turning a screw 
working with it, as in ordinary hand brake-apparatus, 
they are joined or coupled by a pin to a cap, ft, from 
the under side of which descends a tubular plunger, 
Cy which works in a hydraulic-cylinder, dy and is 
closed at the bottom, as shown, e is the screw passing 
freely through the cap at the top of the plunger, and / 
is the nut below the cap into which the screw enters. 
The nut is prevented from turning by grooves in its 
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Figs. 64, 66, and 66.— Barker's Brake— Apparatus to apply Brake. 
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side fitting over projecting ribs, c, formed down the 
interior of the plunger, e. 

By this arrangement, the guard can apply the brakes 
by turning the screw in the ordinary manner by the 
hand- wheel, e\ at its upper end, or fluid under pressure 
can be admitted to the cylinder, d, and the plunger, c, 
so raised and the brake applied. 

The cylinders and apparatus for actuating the 
brake-levers of the hydraulic automatic-brake are 
illustrated by Figs. 57, 58, 59. a is the chamber 
for containing a supply of water under pressure, 
and it is provided with a piston, b, pressed upon 
by a coiled spring, c. d is a smaller chamber fitted 
with a piston, e, pressed upon by a spring, f. Water 
imder pressure from the pump is continuously sup- 
plied to the cylinder, d, through the opening, d', 
from a pipe which is continuous through the train 
and is kept supplied with water. From the end of 
the cylinder, d, a pipe passes to the end of cylinder, 
A, and conducts the water under pressure to this 
chamber. Thus the piston of both cylinders are kept 
pressed outwards to the ends of their strokes. At 
the end of the pipe which leads into the chamber, a, 
from the chamber, d, there is a stop- valve, g, to prevent 
water passing back from a to d. The piston, E, of 
the chamber, d, extends through a valve-chamber, 
and through the piston a slot is formed in which is 
placed a small valve, i, pressed outwards from the slot 
by a coiled spring against the valve-face of the valve- 
chamber. 

In this valve-face there are two ports; one port 
leading to the chamber, a, the other port, l, opening 
into a passage, which, by a union at m, is coupled to a 
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branch pipe from the main supply-pipe by which water 
under pressure is supplied to the brake-cylinder when 
the brakes are to be applied in the ordinary course. 
From the valve-chamber there is also another passage 
which, by a union at n, is connected with a pipe 
leading to the brake-cylinder. When the chamber, d, 
is filled with water, and its piston is pressed out- 
wards to the end of its stroke, the valve, i, closes the 
port, and prevents the escape of liquid from the 
chamber, a ; but the port, l, is uncovered, and water 
can pass through it from the main water supply- 
pipe to the brake-cylinders, whenever the brakes are 
required to be applied in the ordinary course. Should, 
however, there be an accidental severance of the train, 
and the automatic supply-pipe before mentioned become 
broken, the water in the chamber, d, will escape and 
its piston will be forced inwards by the spring which 
presses upon it. The valve, i, will by this movement 
be brought over and close the port, l, and at the same 
time imcover the port ; water under pressure will 
then be forced from the chamber, a, through this port 
to the brake-cylinders, and the brakes will be applied 
automatically. Should it be desired at any time to 
throw out of action the above automatic arrangement or 
any one or other of the carriages of a train, it can be 
done by turning a crank or excentric, o, into such a 
position that it shall come against a hook, p, at the 
end of a rod which extends back from the piston, £, of 
the chamber, D, and so hold back this piston and pre- 
vent the valve, i, from being shifted, though the 
chamber, d, is not kept filled with water. 

The framework of a carriage fitted with apparatus 
such as is above described is shown in Figs. 60, 61, 62. 
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The axis, 
o', of the ex- 
centric has on 
it a crank- 
arm, coupled 
by a connect- 
ing-rod to one 
arm of a T- 
lever,Q. Prom 
the two other 
arms of this 
lever, rods, r, 
are conducted, 
one to one side 
of the car- 
riage, and the 
other to the 
other side of 
the carriage, 
so that by 
drawing out- 
wards orpush- 
ing inwards 
either of these 
rods a quarter 
turn may be 
given to the 
axis of the ex- 
centric. 

In these 
figures, the 
automatic 
supply-pipe is 
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shown at s, and the ordinary main supply-pipe at t. v are 
couplings which connect the portion of the main supply- 
pipe on one carriage with a portion of the main supply- 
pipe on the next carriage ; and v, the couplings for the 
automatic supply-pipe ; w are brake-cylinders for 
applying the brakes ; x is a tap on the pipe leading to 
these cylinders ; and y, y are the rods passing, one to 




Fig. 62.— Barker's Brake. 

one side of the carriage, and the other to the other side, 
by which this tap can be readily opened or closed, so 
that the brake apparatus on any one carriage of a train 
can be put out of action if required. 

A combined coupling and cock for coupling and un- 
coupling between vehicles is illustrated by Figs. 63 and 
64. 

A is a cock, the shell of which is secured to the 
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frame of one carriage ; b is another cock at the end of 
a flexible pipe coupled to the end of the length of water 
supply-pipe on the next carriage. The plug of the 
cock, A, is prolonged beyond the shell in which it 
works and is formed square at its end to enter a 
corresponding recess in the plug of the cock, b. Around 
the end of the shell of the cock, a, is a screw-thread on 




Figs. 63 and 64. — Barker's Brake — Combined Coupling and Cock. 



to which screws a ring, c, which has projecting from 
it a lever-handle by which it can be turned, and also 
two lugs, c^, to hook over other lugs projecting from the 
shell of the cock, b. The ends of the shells of the two 
cocks which come together, each carry an elastic washer. 
When the two cocks are brought together end to end, 
the plug of the cock, a, enters the recess in the plug 

K 
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of the cock, b, a quarter-turn is then given to the ring, 
c, by its lever handle, and the lugs on the ring engage 
with the lugs, b^, on the shell of the cock, b, and as 
the ring, c, screws out the shell of the cock, a, it draws 
the elastic-washer carried by the cock, b, tightly 
against the washer carried by the cock, a, and forms a 
tight joint between them. At the same time, the plug of 
the cock, A, is turned so as to open it by means of an 
arm, d, which is secured to the plug of this cock and 
which enters a recess on the exterior of the ring, so 
that as the ring is turned and the two cocks drawn 
together, the cock, A, is simultaneously opened. As the 
plug. A, of the cock is turned, the plug of the cock, b, 
is compelled to turn with it, and so the two cocks are 
simultaneously opened, or when the ring is turned in a 
direction to release the one cock from the other then 
two cocks are simultaneously closed. When the shells 
of the two cocks are brought together, the lugs, b^, of 
the shell, b, enter between corresponding projections, 
A^, from the face of the shell, a; and the ring, c, 
being turned by its handle, the lugs, c^, upon it pass 
over the lugs, b^, and, the ring working along the 
screw, the two shells are drawn together. There is a 
finger, o^^, on the ring, c, which coming against the 
stop-pin, A^^, on the shell, a, prevents the ring 
unscrewing too far. The sliding-bolt, r, engages with a 
projection, d, on the ring, c, and prevents it from turn- 
ing except when the bolt is pushed back by the two parts 
of the coupling being brought together. By inserting 
the part, b, in its place, the bolt is forced back until the 
notch in it comes to a place where the projection, (/, on 
the ring can pass through it ; but at other times the bolt 
prevents the cock from being accidentally opened. 
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Conclusion. — The Barker brake, as described, has 
many good points and shows a good deal of ingenuity 
on the part of the inventor. It has, however, the great 
objection of using water-pressure as its motor, and is, 
therefore, open to all the objections so frequently 
pointed out in regard to the use of water in apparatus 
of this kind in cold climates. The remedy proposed to 
overcome this by making a low-freezing compound of 
the liquid used, is a theoretical one which will always 
be found to be unreliable in daily practice on thousands 
of railway carriages. • ' 



CHAPTEE XII. 

SANDERS' VACUTJM CONTINUOUS-BRAKE. 

The exhaust-tube, which runs from end to end of each 
carriage, communicates with a small exhaust-box under 
the middle of the carriage. From this box a tube 
proceeds for a short distance towards one end of the 
carriage, and a like tube in the opposite direction. 
These tubes communicate respectively with rigid cylin- 
ders, furnished at their lower ends with flexible pistons 
or diaphragms. The rods of the said pistons are con- 
nected respectively with the ends of a lever. One of 
the cylinders is of slightly larger diameter than the 
other, and when the cylinders are both exhausted, the 
exhaust in the one cylinder more than balances the 
exhaust in the other cylinder, and the lever connecting 
the piston-rods of the cylinders is thereby brought 
into the position in which, by means of the connecting 
rods, it draws the brake-blocks from the wheels, or in 
other words holds them out of action. The end of that 
pipe which communicates between the exhaust-box and 
the cylinder of smaller diameter is furnished with a 
valve opening outwards, so that the valve offers no 
impediment to the exhaustion of the cylinders. But 
when the exhaustion of the box is destroyed, the valve 
instantly closes and preserves the exhaustion in the 
cylinder of smaller diameter. 
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When air is let into the exhaust-pipe, running under 
the carriage, by fracture of the pipe or by the driver, 
the vacuum in the pipe is destroyed. 

The vacuum in the cylinder of larger diameter is 
also destroyed, while the vacuum in the cylinder of 
smaller diameter is preserved. The flexible piston of 
the latter being no longer counterbalanced by the 
piston of the other cylinder, instantly rises, and, 
changing the position of the lever, joining the two 
piston-rods, presses the brake-blocks forcibly against 
the wheels, and brings the train to rest. When the 
brake-blocks are to clip the same wheel on opposite 
sides, the arrangement is as follows : — To the brake- 
block hangers on the outer side of each wheel a cross 
shaft connection is used, turning in bearings on the 
hangers. At the ends of the cross shafts are short 
vertical levers, the lower end of each of the levers 
being connected by a connecting-rod to the brake-block 
on the opposite side of the wheel. The upper end of 
each of the levers is connected with the lever of the 
working mechanism, that is, the lever connecting the 
rods of the flexible pistons of the cylinders. 

When, by the destruction of the vacuum, motion is 
given to the lever connecting the piston-rods, the con- 
necting-rods connecting this lever with the small lever 
on the outer side of the brake-blocks are drawn inwards. 
The result of this motion is to cause the lower end 
of each of the small levers to draw inward on the inner 
side of the wheel, and thus bring the train to rest by a 
clipping action of two brake-blocks on the opposite 
sides of the wheel. 

As the arrangement of exhaust-cylinders, already 
described, had for its object to work the brakes by 
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pressing brake-blocks 
in opposite directions 
between the two 
wheels, the arrange- 
ment of the clipping 
action is to produce a 
double action on the 
wheel by the drawing 
inwards of the con- 
necting-rods, and the 
position of the ex- 
haust - cylinders re- 
quires to be reversed. 
That is, the cylinder 
of larger area in the 
first described arrange- 
ment, with single 
brake-blocks, becomes 
the cylinder of smaller 
area for double brake- 
blocks. 

Fig. 65 represents 
in elevation the mode 
of working the brake 
when the brake-blocks 
are applied only to the 
inner side of the two 
pairs of wheels between 
which the brake me- 
chanism is situated. 
Figs. 66 and 67 repre- 
sent the mode of apply- 
ing the blocks to the 
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wheels by pressure on opposite sides of the same, or the 
clipping action. The arrangement of the mechanism 
by which the vacuum is made to work the brakes is 
the same in both of the arrangements. The exhaust 
tube, a, running underneath the carriage, J, com- 
municates with the exhaust box, c. From this box 
a tube, d, proceeds towards one end of the car- 
riage, and a like tube, e, in the other direction ; /, g 
are rigid cylinders made of cast-iron, and having at 
their lower ends flexible pistons or diaphragms marked 
/^, i respectively. The rods, k, /, of the flexible pistons 
are connected to the ends of the lever, m, turning on 
the shaft, n. The cylinder, /, is of larger diameter 
than the cylinder, g, and when both cylinders are 
exhausted, the pressure of the atmosphere operating 
upon the greater area of the flexible piston, h, the 
apparatus is brought into the position represented in 
Figs. 66 and 66 ; that is, the piston. A, of the cylinder, 
fy of larger diameter, is drawn into its cylinder, while 
the piston, e, of the cylinder, g, of smaller diameter, is 
brought to its extreme position outside its cylinder. 

The brake-blocks, o,p, Fig. 66, carried by the hangers, 
^^ P^9 respectively, are connected by means of con- 
necting-rods, q r, to the short lever, «, on the axis, n ; 
and the pistons, h, i, being in the position represented, 
the brake-blocks, o, p, are supported from or held out 
of action on the wheels, t, u. 

That end of the pipe, e, which terminates in the 
exhaust box, c, is furnished with a valve, r, opening 
outwards : that is, into the box, c. The valve, r, con- 
sequently offers no obstacle to the exhaustion of the 
cylinder, g ; but when the exhaust in the box, c, is 
destroyed, the valve, r, closes, and thereby maintains the 
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exhaustion in the cylinder, g^ while air passes by the 
pipe, flf, into the cylinder,/. 

The atmospheric pressure on the outside of the piston 
or diaphragm, h, is now balanced by an equal atmo- 
spheric pressure on the inside of the piston, h ; but the 
atmospheric pressure on the piston, % of the cylinder, 
gy being unbalanced, the piston returns into its 
cylinder by the atmospheric pressure, and by the 
operation of the piston-rod, I, on the lever m. The 
position of the lever, m, is so changed that the short 
lever, «, acting through the connecting-rods, q^ r, 
presses the brake-blocks, o, p, into contact with the 
wheels, t, u, and brings the train to rest. Thus, 
when air is let into the pipe, a, either by fracture, 
the severing of the train, or by the action of the 
guard or driver, the brakes fly into action at once. 
To work brakes clipping the wheels on which they 
act on opposite sides, we will describe the action 
with reference to only one pair of wheels. Figs. 
66 and 67 are the hangers to which the brake-blocks, 
f/, z, are suspended. 2 is a cross shaft working 
in bearings on the outer side the hanger, x, the shaft 
2 connecting the outer blocks on opposite sides of 
the carriage. 

On the cross shaft, 2, is a lever, 3, the lower end 
of the lever being connected by a connecting-rod to 
the brake-block, y, at the inner or opposite side of the 
wheel. 

The upper end of the lever, 3, is connected with the 
lever, 6, of the exhaust mechanism, through the con- 
necting-rod, 6, when, by the destruction of the vacuum, 
motion is given to the levers, m and s, the connecting- 
rod, 6, connecting the lever, 8, to the lever, 3, on the 
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outside of the'brake-blocks, y, z, is drawn inwards, that 
is, from the end of the carriage towards the middle. 

The result of this motion is to cause the lower end 
of the leyer, 3, to draw inwards the brake-block, y, on 
the inner side of the wheel, and thus to effect a clipping 
action of the two brake-blocks, y, z, on opposite sides of 
the same wheel. On comparing the arrangement, Fig. 
65, with that represented in Figs. 66 and 67, it will be 
seen that the single brakes in Fig. 66 are brought into 
action by the motion of the connecting-rods, q, r, out- 
wards, or from the centre of the carriage towards the 
ends, while the double brakes, y, z, in Figs. 66 and 67, 
are brought into action by the motion of the connect- 
ing-rods, 5, 5, in opposite directions ; that is, by motion 
of the rods, 6, 6, from the ends towards the middle of 
the carriage. 

This difference between the working of the single 
and the double brake-blocks, requires that the cylinders, 
/, g, shall have a position in the arrangements. Figs. 66 
and 67, the reverse of that which they have in the 
arrangement, Fig. 65, the smaller cylinder, g, in Fig. 
65, being on the right of the larger cylinder,/; but the 
positions of the cylinders are varied to suit the particular 
arrangement of brake-mechanism to which they may 
be applied. In either of the arrangements described, 
the cylinders, /, g, may be of the same diameter, pro- 
vided that the two arms of the lever, m, are of different 
lengths. The brakes can be worked positively instead 
of negatively as described; that is, instead of the 
destruction of the exhaust being employed to bring the 
brakes into action, the production of an exhaust may 
be employed to effect the direct action of the brakes on 
the wheels. When the positive method of working the 



SANDERS* VACUUM CONTINUOUS- BB A KE. 139 

brakes is resorted to, the cylinder of larger diameter, 
and the exhaust-box, c, are dispensed with. 

By means of a three-way cock or valve situated at 6, 
Figs. 65 and 66, signalling on the train may be effected. 
By turning the cock into the position indicated in 
Pig. 65, the pipe, 7, connected with the signal, may be 
put into communication with the exhaust, and by 
turning the plug of the three-way cock or valve 
through a semi-rotation, the signalling tube, 7, may be 
disconnected from the exhaust. The stop-cock is kept 
in its normal position, in which it connects the two 
cylinders by a spring, and by means of a cord or chain, 
not shown, the guard or a passenger may act upon 
this valve and cause an alarm to be sounded. 

It is necfessary that the stop-cock at 6 should not have 
a passage through its plug sufficient to allow enough air 
to enter wholly to destroy the vacuum produced in the 
pipe, fl, by the steam-jet, as in this case the action of 
the brake mechanism would be interfered with. But so 
long as any material exhaustion is maintained in the 
pipe, fl, insufficient to raise the weight,.w', on the lever, 
w, the brakes will be kept out of action. 

Mr. Sanders has recently improved his brake in 
dispensing with canvas and indiarubber, and in com- 
bining the action of the two drums in one cast-iron 
cylinder, as shown in Figs. 68 and 69. When the 
brake is "off,'' the vacuum is maintained on both sides 
of the piston by a small ejector on the engine. The 
piston is then held at one end of its stroke by the 
Overbalancing pressure due to the greater effective 
area of the side, a, the effective area of the side, b, 
being reduced by the piston-rod. 

The admission of air through the continuous pipe to 
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the side, A, of tlie piston, 
causes tlie brake to be 
instantly applied by the 
vacuum maintained on 
the opposite side, b, and 
in the reservoir by the 
check valve, e. The 
brake is released by re- 
storing the vacuum in 
the continuous pipe by 
the large ejector, and 
on the side, a, of the 
piston. 

The latest improve- 
ment in Sanders' brake 
may be briefly stated 
thus : — There is one 
brake-cylinder, d. Fig. 
70, on the engine, 
and one on each car- 
riage; a single line of 
pipes extends the length 
of the train with a 
branch to one end of 
each brake - cylinder ; 
from the opposite end of 
each cylinder a pipe 
leads to a small reservoir, 
one for each carriage. 
There is a small hole 
through each piston for 
the passage of air. When 
the pipe-couplings are 
being disconnected, dur- 
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ing tlie time that a partial yacuum exists in tlie pipe, 
there are no valves to prevent the inflow of air and 
the consequent application of the brakes. There is a 
dummy coupling at each end of each carriage, to close 




CorU inuousPipe 



Fig. 69. — Sanders* Brake (Improved) — Cylinder. 



the pipe-coupling when not connected to the coupling 
of an adjoining carriage. 

There is a small ejector on the engine which maintains 
a partial vacuum in the main-pipe, in each cylinder on 
both sides of the piston, and in the small reservoirs on 
the carriages. The operation is as follows : The small 
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ejector, b, Fig. 70, is started, and a partial vacuum is 
created throughout the train, which holds the blocks 
from the wheels. The brakes are applied by opening a 
valve, c, on the engine or in the van, which lets air into 
the pipe and cylinders on one side of the piston. The 
small holes in the piston allow the brakes to leak off, 
but in a length of time greater than the time required 
to make an ordinary stop. When carriages are de- 
tached from a train, the act of uncoupling applies the 
brakes, which must then be allowed to leak off before 
the vehicles can be moved. 

The amount of leakage must therefore be propor- 
tioned to two conditions. If it is too great, it will 
interfere with the operation of stopping the train ; if it 
is too small, it will cause delay in shunting operations, 
or in attaching or detaching carriages. 

Eeferences to the engine. Fig. 70 : — a, large ejector 
for creating the vacuum ; b, small ejector for maintain- 
ing the vacuum ; c, driver's valve for applying brakes ; 
D, automatic vacuum-cylinders for engine-brakes ; e, 
vacuum-gauge, for indicating condition of brakes ; f, 
steam cock for large ejector ; o, steam cock for small 
ejector. 

Conclusion. — The Clayton brake, used by the Mid- 
land Railway Company, is an automatic vacuum-brake, 
almost identical with the Sanders' brake just described ; 
the only difference being that the cylinder is placed 
inside the reservoir. It is also provided with a leak- 
hole in the piston, so as to avoid the use of valves for 
communication between the two sides of the piston. 
These arrangements, although apparently simple in 
construction, give rise to great complications in work- 
ing ; in fact, the couplings are simply hose and con- 
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nections whicli admit air to the main pipe when they 
are uncoupled, thus setting the brakes on both portions 
of the trains, requiring the brakes to leak off before the 
carriages can be moved. This condition is very in- 
convenient in shunting. On inclines, the leakage 
arrangement must be considered dangerous. K a 
train breaks in two, the brake-power vanishes very 
quickly, and the rear portion of the train will run 
back, and may give rise to accidents. There can 
therefore be no doubt but that the leak-hole arrange- 
ment is an utterly unsafe and bad contrivance. But, 
to do away with this, many alterations would be neces- 
sitated. 

First, the couplings must be so made as to prevent the 
air from entering the main pipe when uncoupled This 
should be obtained by placing cocks on the main pipe, or 
by providing the couplings with automatic valves, as is 
done with the Westinghouse couplings. If the leak- 
hole is done away with, a valve must be added to 
establish a commimication between the brake-cylinder, 
the brake-pipe, the reservoir, and the atmosphere. 
This can only be obtained by means of a valve with 
three functions, having an action similar to that of the 
"Westinghouse triple-valve. To provide for the ne- 
cessity of isolating the apparatus on one carriage, 
without influencing the rest of the train, a cock should 
be placed between the brake-pipe and the reservoir. 
To provide for the necessity of releasing the brake by 
hand, in exceptional cases, on any one carriage, a 
release-valve should be attached to each brake- 
cylinder. 

It is clear from this that an automatic vacuum-brake 
requires an apparatus equally complicated with an 
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automatic air-brake, and the opinion that a vacuum- 
apparatus is simpler than a high-pressure one, is 
nothing less than erroneous. 

All vacuum-brakes have, besides, the great disad- 
vantage of voluminous cylinders and reservoirs, giving 
rise to great bulk and great weight. 



CHAPTEH XIII. 

THE WESTINGHOUSE AUTOMATIC BRAKE. 

The "Westingliouse automatic brake is worked by com- 
pressed air stored in a main reservoir on the engine, 
and in small reservoirs, one on the engine, one on the 
tender, and one on each carriage; all of them con- 
nected by a pipe running throughout the train. There 
are also on each vehicle a triple-valve and a brake- 
cylinder with pistons connected to the brake-levers. 
In maintaining the pressure in the brake-pipe, the 
brakes are kept off ; but in letting the air escape from 
the brake-pipe, purposely or accidentally, the brakes 
are instantly applied, allowing air to pass from the 
small reservoirs into the brake-cylinders. 

This brake is illustrated in one view by Plate VII., 
as fitted to an engine and tender. The literal refer- 
ences correspond to those of Plate VIII. • The air-pump 
and the small steam-pump are in one piece, fixed to the 
side of the boiler of the locomotive. The engine works 
the air-pump, by which air is forced into the main 
reservoir fixed to the lower side of the engine footplate. 
The pressure of air is considerable, being from 80 lbs. 
to 100 lbs. per square inch. The compressed air is 
turned into the main or continuous pipe by the driver's 
valve, the pressure being indicated by the pressure- 
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gauge. The compressed-air passes through the triple- 
valve into the small reservoir, but not into the brake- 
cylinder ; and, for a train of carriages, the air would 
also pass along the coupling hose between the carriages, 
and fill all the small reservoirs. The air is prevented 
from entering the brake-cylinder by the triple- valve, 
which is fitted with a slide-valve having top and bottom 
ports. The pressure of the air lifts the slide over the 
port leading to the brake-cylinder ; and, the pistons in 
the cylinder being held apart by strong spiral springs, 
the blocks are kept ofi* the wheels. 

When the driver perceives danger or requires to stop, 
he lets a little air out of the main pipe, and the slight 
reduction of pressure in consequence causes the triple- 
valve slide to drop, by which movement the top port 
which leads to the brake-cylinder is opened. The air 
in the small reservoir enters the brake-cylinder between 
the two pistons and forces them asunder, and so applies 
the brake, with a force equal, it may be, to 4,000 lbs. 
total pressure. A reduction of 20 per cent, in the 
brake-pipe will cause the triple- valve to drop entirely, 
and release the air in the small reservoir and fully set- 
on the brakes. 

The distance from the reservoirs to the brake- 
cylinders averages not more than 2 feet, and conse- 
quently there is no perceptible loss of time in com- 
pressed-air of 90 lbs. pressure per inch passing from 
one to the other. The contents of the pipe on each 
carriage is about 300 cubic inches ; and this quantity, 
added to 60 cubic inches per carriage, makes 900 cubic 
inches for a train of fifteen vehicles, which has to 
escape at high pressure, in order to set the brakes with 
fiill force. This operation occupies 1 J seconds. 
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The brakes are taken off by reopening the passage 
from the main reservoir to the brake-pipe. By this 
movement the pressure in the brake-pipe is restored, 
the small reservoirs are recharged, air is discharged 
from the brake-cylinder, and the springs within the 
cylinder withdraw the brake-blocks from the wheels. 

Provision is made to prevent the accidental applica- 
tion of the brake by leakage, by the introduction of a 
leakage-groove in the brake-cylinder, as well as in 
the slide-valve of the triple-valve, to be afterwards 
described. When a small flow of air from the reser^ 
voirs to the brake-cylinder is caused by leakage in the 
brake-pipe, the air flows by these grooves into the 
atmosphere, without moving the pistons. When reduc- 
tion of pressure is made for the purpose of applying 
the brake, the grooves are closed, and thus all escape 
of air is p'evented. A stop-cock is placed on a branch 
from the main or continuous pipe for the purpose of 
closing the connection with the triple-valve on any 
one vehicle, without interfering with the operation of 
the brakes upon the others. A release- valve, worked 
by hand from either side of the train, may be opened, 
if necessary, to release the air from the brake-cylinder - 

Engine and Tender. 

Plate Vin. is a diagram showing the operation of 
the brake, from the air-pump to the end of a vehicle. 
It is not exact, nor to scale, but is intended simply to 
show the relation which each part bears to the whole. 
A is the steam-cylinder, b the air-cylinder, fixed on 
the side of the boiler, c is the main reservoir beneath the 
foot-plate. The pump makes from 20 to 60 strokes per 
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mile, and the reservoir is capable of holding 10 cubic 
feet of air. The pressure-gauge, d^, is fixed inside the 
cab and in front of the driver ; so also is the steam- 
cock, a, for regulating the speed of the pump and the 
air-pressure in the main reservoir. A one-inch ex- 
haust-pipe leads to the smoke-box. 

The driver's valve, d, is fixed in front of the fire- 
box and immediately before the driver; it has one 
connection to the main reservoir, and a second con- 
nection to the brake-pipe, e, running the entire 
length of the train. In its normal position, it main- 
tains about 10 lbs. per square inch more pressure in the 
main reservoir than in the brake-pipe. 

The driving-wheel brake -blocks are generally 
worked by two brake-cylinders. From the brake- 
pipe, E, is a branch on both the engine and the 
tender, to the triple-valve, f, which is in communica- 
tion with the small reservoir, g, on each, and by a 
pipe with the brake-cylinder. Cocks, t, serve to 
close the branch pipe, if required. The brake-pipe, 
E, has, at the end of the tender, a hose, with coup- 
ling attached, which unites with a similar coupling 
and hose on the following vehicle. A drip-cup is 
placed on the main pipe, e, to catch any water which 
might otherwise pass into the train. 

Carriage and Van. 

The apparatus for each carriage is similar to that of 
the tender, except that an eight-inch double piston is 
used instead of a vertical cylinder, which is only 
applied to tenders for convenience' sake, and in order 
to accommodate the existing brake-gear. 



160 CONTINUOUS RAILWAY BRAKES. 

The connections between carriages are made with 
flexible tubing of 1 inch internal diameter. One 
end of each piece is fitted on a nipple, by which it is 
fastened to the brake-pipe. To the other end is 
attached a coupling having a side opening fitted with 
an indiarubber packing-ring, constructed so as to 
prevent the escape of air when uncoupling, to be more 
fully described in due order. When two of these 
couplings are joined together, the air-pressure within 
serves both to tighten the joint and to hold the two 
couplings firmly together. If the coupling be drawn 
apart forcibly by the separation of the train, the brakes 
are applied in consequence of the escape of air, but no 
damage is done to the coupling. 

Air-pump. 

The direct air-pump is shown in section. Fig. 71. 
Steam from the locomotive-boiler enters the upper 
cylinder between the two pistons of the main valve, 14. 
The upper piston being of greater diameter than the 
lower, the tendency of the pressure is to raise the 
valve, imless it is held down by the greater pressure of 
the piston, 20, working in its cylinder above it, 
which piston is held down by the pressure of steam 
admitted from the chamber, a ; this chamber is 
always in communication with the space between the 
two pistons of the main valve by means of a pas- 
sage, t. 

As shown in the drawing, steam is entering past the 
lower piston of the main valve, and forcing the main 
piston, 6, upwards. As the main piston completes its 
upward stroke, the plate, 10, pushes up the rod, 12, 
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Fig. 71. — Westinghouse Automatic Brake — ^Direct Air-Pump. 
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and with it the slide-yalve, 13, closing the passage, a, 
from the chamber, a, to the cylinder 19, and at the 
same time opening the exhaust-passage, b, to the 
atmosphere through c, which relieves the pressure on 
the top of the piston, 20. The relief of the pressure 
on the piston, 20, permits the steam in the main- valve 
chamber to raise the main valve and enter to the upper 
side of the main piston, 6 ; and at the same time it 
exhausts the steam on the lower side. On completing 
its downward stroke, the main piston again draws the 
rody 12, and the valve, 13, to the position shown, 
reversing the position of the main valve, and conse- 
quently the stroke of the main piston. A lubricator 
of special design is screwed into the top head of this 
cylinder. 

The Triple- Valve. 

A three-inch triple- valve is shown in section. Fig. 
72. The construction and mode of operation of this 
valve are as follows : — Enclosed in a case 1, is a piston 
5, carrying with it a slide-valve, 6, which covers the 
port, a, to the brake-cylinder, and, in the position 
shown, establishes a communication between it and the 
atmosphere by the exhaust-cavity, b. Compressed- 
air from the main pipe enters the lower part of the 
case, and forcing up the piston, 5, feeds past it into the 
reservoir through the groove, d. 

Equal pressures are thus maintained in the reservoir, 
the triple- valve, and the brake-pipe, whilst the brakes 
are ofE. For the purpose of graduating the brake with 
the greatest nicety, a small valve, 7, is introduced 
into the slide-valve, 6. The action is as follows : — 
Upon a slight reduction of pressure in the brake-pipe 
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being made^ the piston, 5, having a Kmited move- 
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Fig. 72. — ^Westinghouse Automatic Brake — ^Triple- Valve. ' 

ment without affecting the valve, 6, will descend, 
thereby closing the feed-groove, d, at the same time 
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unseating the yalve, 7, which thus opens the pas- 
sage, e. 

The slide-valve, 6, then moves until the passage, e, 
opens into the port, a, leading to the brake-cylinder, 
the communication from which to the exhaust is at the 
same time cut off. 

Further downward movement of the slide-valve, 6, 
is arrested by the decrease of pressure above the piston, 
caused by the air flowing into the brake-cylinder. So 
soon as the pressure in the reservoir is thus reduced a 
little below' that in the brake-pipe, the piston, 5, moves 
up of its own accord and closes the valve, 7, while the 
slide-valve, 6, retains its position. By simply regulat- 
ing the reduction of pressure in the brake-pipe, and 
causing the motion of the piston and graduating- valve, 
7, to be repeated, the driver can gradually introduce 
any desired pressure into the brake-cylinder, from zero 
to fiill power. However, if a considerable reduction of 
pressure in the main-pipe is suddenly made, the piston, 
5, is seated on the leather gasket, 10, while the port, a, 
is entirely uncovered, and the brakes are thus applied 
with full force. To release the brakes, air is again 
admitted from the main reservoir to the brake-pipe by 
means of the driver's valve. This acting against the 
reduced pressure in the small reservoir forces the 
piston, 5, into the position shown, thus permitting the 
air in the brake-cylinders to exhaust, whilst at the same 
time the reservoirs are re-charged. 

The only moving parts of the triple- valve, which is 
an ordinary piston and slide-valve moving together as 
one piece, do not make so many motions in fifteen years 
as are made by the piston and slide-valve of the loco- 
motive in one day. 
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Driving- Wheel Brake-Cylinder. 

Cylinders of this form, Fig. 73, are used to apply the 
brake to the driving-wheels of engines, where the piston 
cross-head is shown attached to the brake-blocks sus- 
pended between the driving and trailing wheels. Air 
is admitted above the piston, 5, by the downward move- 
ment of which the brakes are applied. 

DoUBLB-PlSTON BrAKB-CyLINDER. 

When air is admitted to the cylinder. Fig. 74, the two 
pistons, 4, 4, are thrust outwards with equal force by air 
at about 80 lbs. per square inch entering the cylinder. 

When the air is allowed to exhaust into the atmo- 
sphere through the exhaust port, b, in the triple- valve, 
the springs inside the brake-cylinders push back the 
pistons dnd release the brake-blocks from the wheels. 

Hose Couplings. 

There has been a desire to have a coupling which is 
so constructed as to establish a free opening by the 
simple fact of connecting it, and so as to close 
automatically when uncoupled in the ordinary way. 
This would then dispense with the cocks in the main 
pipe. Mr. Westinghouse has devised two couplings 
which solve this problem entirely by placing valves in 
the coupling ends. These valves open automatically 
when the couplings are joined together, and close when 
disconnected; but they remain open to apply the brakes 
when drawn open by the accidental separation of the 
train. These couplings have been applied to all 
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Fig. 73. — Westinghouse Automatic Brake— Driving- Wheel Brake- 
Cylinder. 
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trains in this country. 
However, although 
these automatic coup- 
lings are quite right 
in principle and inge- 
nious to the extreme, 
most railway engin- 
eers raise objections 
to the great complica- 
tion of their parts as 
compared with • the 
plain Westinghouse 
coupling without 
valves, which merits 
admiration on account 
of its simplicity and 
eflSciency. 

Brake couplings at 
all times will have to 
stand rough usage and 
a good deal of knocking 
about, and therefore 
the simpler they can 
be made the better; 
hence, it is preferable 
to use the plain coup- 
ling and cock in the 
brake-pipe instead of 
the automatic, coup- 
ling described. This 
change, it is stated, is 
now being made on all 
lines in the kingdom. 
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With these non-automatic conplings the cocks in 
the main pipe must always be opened after the coup- 
lings have been imited, and must be closed before they 
are separated. 

Description ofCoupling8,Tig. 75. — ^Thetwo couplings, 
1, 1, are exactly alike, and an air-tight joint is formed 
by means of the rubber packing-rings 3, which rings 
face against each other when the couplings are united. 
The air-pressure in the coupling tends to force these 
rings towards one another, so that the joint becomes 
tighter with increase of pressure. The tendency of 
the air-pressure in the couplings is also to force them 
apart in a direction at a right angle to the line of the 
india-rubber hose-pipe 7, and consequently, the greater 
the pressure the more firmly are the couplings held 
together by the projecting piece of each coupling, 
which fits in a corresponding groove of the other 
coupling. 

No damage is done if the couplings be drawn apart 
forcibly by the separation of the train, as the rubber 
rings 3 are forced into their respective couplings far 
enough to permit the projections to disengage from 
their grooves. 

These couplings are united by placing them together, 
with one at right angles to the other, and then turning 
the projection of the one into the groove of the other. 

Driver's Brake- Valve. 

Air passes from the main reservoir into the chamber 
A, Fig. 76, in which is the rotating valve 4, seated up- 
wards by means of a spring 8. When the handle is 
in the proper position for filling the brake-pipe, the air 
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passes througli a port in the valve 4 into the chamber 
B and the brake-pipe, the discharge-valve 3 being 
held to its seat by means of the spring 7. The spring 
7 is held down by the handle 2, the rotary motion of 
which regulates the amount of pressure upon the 
spring by the coarse screw. The valve 3 and the 
rotating valve 4 turn with the handle 2. When the 
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Fig. 76. — ^WestinghoHse Automatic Brake— Driver's Brake- Valve. 

handle 2 is in its ordinary position during running, a 
passage of | inch in diameter is open between the 
chamber c, in which is seated the small valve 6, and 
the chamber b, this opening being for the purpose of 
maintaining the pressure in the brake-pipe. The 
spring 9, which holds this valve to its seat, has a pres- 
sure of about fifteen pounds, so that the pressure in 
the main reservoir must always exceed that in the 
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brake-pipe by at least fifteen pounds. When the ex- 
cess becomes greater than that amount, additional air 
passes into the brake-pipe until the spring is again 
able to close the valve 6. 

To apply the brake the handle 2 is turned to the 
right. This relieves the pressure upon the spring 7 
and allows the discharge- valve 3 to be raised from its 
seat by the pressure of air in the chamber B, thus dis- 
charging the air from the brake-pipe and applying the 
brake. At the same time the valve 4 rotates with the 
handle, and this motion closes all communication be- 
tween the chamber a and the chamber b. 

If the handle 2 is turned to its farthest position to 
the right, the valve 3 gives a full opening to the dis- 
charge of air from the brake-pipe, and the brakes are 
applied immediately with full force, as in cases of 
emergency. 

To release the brake, the handle 2 is turned to the 
farthest position to the left. This closes the discharge- 
valve 3 by compressing the spring 7, and at the same 
time causes the valve 4 to turn to a position in which 
there is a free opening between the chamber a and the 
chamber b. This allows the brake-pipe to be re- 
charged from the air in the main reservoir, and the 
brakes to be released. As soon as the brake-pipe is 
recharged the handle 2 is turned slightly to the right, 
or its normal position, closing the full opening between 
the chambers a and b, but leaving open the |-inch 
passage from the chamber c to the chamber b. 

The object of allowing any excess of pressure created 
in the main reservoir to pass into the brake-pipe only 
through the ^-inch passage is to provide for any gradual 
leakage, and at the same time to prevent the total 
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escape of the air in the main reservoir in case of any- 
sudden rupture of the pipe. 

This valve is very simple in its operation, and admits 
of the most perfect gradation of the force with which 
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Pig. 77. — Westinghouse Automatic Brake— Release- Valve. 

the brakes are applied, irrespective of the number of 
vehicles in the train. 



Eelbase- Valve. 

The brake release-valve, which is illustrated in 
Pig. 77, is fitted on every vehicle, for the purpose of 
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releasing the brake, if applied when an engine is 
not attached. One end screws into the brake-cylinder, 
and the other into the pipe leading from the triple- 
valve. A wire or chain is attached to the handle, 
which may be pnlled from either side of carriage. 
This lifts the valve 4, and the air passes from the 
cylinder by the passage to the atmosphere, through 
the hole 6. On releasing the handle, the valve 4 is 
reseated by the spring 5. 



CHAPTER XIV. 

THE RELATIVE CAPACITIES OF BRAJKES. 

The comparative merits of continuous brakes was 
unknown until the celebrated trials were made at 
Newark in 1875, and the information then gained of 
fhe relative efficiency of the various systems was most 
valuable. 

The annexed Tables, Nos. I., II., III., IV., contain all 
the data to show what was done by each brake regarded 
as a train-stopper. The weight of the engines and 
tenders and trains are given separately and combined. 
These are followed by a statement of the observed 
times in seconds occupied in running successive dis- 
tances 800 feet ; the last column of seconds giving the 
figures from which the speed is deduced. It will be 
seen that, in a great many cases, the last section of 
800 feet was run in 11 seconds, which corresponds to 
a speed of 49-5 miles per hour. Train after train 
attained this speed, but failed to exceed it. 

It was the intention of the Eailway Commissioners 
to test the brakes when the speed reached 60 miles 
an hour, but they evidently did not know anything 
about the capabilities of engines in this country, 
although these were, and are, the very best in the 
world. Every possible eflfort was made to reach a 
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Brake to be put on as hard as possible. Only four 
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speed of 60 miles an hour in the course of 3^ miles ; 
but, with the weight drawn by each engiDe> it was 
found to be an impossible feat. About this fact, 
future engineers and fast-flyers may have something 
to talk. In almost every instance the drivers, before 
reaching the last 800 feet, worked their engines very 
well, but they no sooner entered the last length than, 
without easing the regulator, they put their hand-lever 
over and choked the exhaust-ports with steam. The 
speed was thus occasionally reduced, because the 
back-pressure was increased. 

The simple statement of the speeds and distances 
run after the application of the brake, conveys very 
little information ; and we must, therefore, draw par- 
ticular attention to the last three columns, as they are 
instructive, and contain the data which are required 
to enable us to determine which is the most efficient 
brake, without consideration for the mechanical pecu- 
liarities or the cost of construction. The last item is 
not in the question where human life is at stake. At 
whatever cost, to save life, suffering, and misery has 
always been, and will be, looked upon as a praiseworthy 
object. 

The system adopted in calculating the last three 
columns of figures may be briefly explained. During 
the time a train is acquiring a given velocity, work is 
being stored up in it, and all this work must be 
expended on something and in some way before the train 
can be brought to a state of rest. The amount of 
work stored up depends on the weight and the velocity 
of the whole moving mass of the train, and is in all 
cases equivalent to that which would be expended in 
lifting the whole train — engine, tender, and all — to 
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the height from which the mass would have to fSdl to 
acquire the giyen yelocitj. This height is expressed 

by the formula — , in which v represents the speed or 

velocity in feet per second, g represents the action of 
gravity, expressed by 32*2. The formula reads thus : 
— If the velocity of a train in feet per second be 
squared, that is, multiplied by itself, and the square 
be divided by 64*4 — action of gravity — the quotient 
is the height in feet from which the moving body must 
fall to acquire the required velocity. Suppose, for 
example, that the speed of a train is 88 feet per second, 
or, what is the same, 60 miles an hour; then 88 squared 
and divided by 64*4 gives 120*25 feet as the height 
due to the given speed; and the work stored in the 
train running at 60 miles an hour will obviously be 
great enough, if the motion could suddenly be diverted 
to a vortical direction upwards, to carry the train up in 
the air, against the action of gravity, to a height of 
120*25 feet. The whole of the work stored in the 
train may be reduced to an equivalent representing a 
gross weight in tons lifted to a height of 1 foot. This 
is obtained by multiplying the whole weight of the 
train by the height due to the velocity, an operation 

which is expressed by the formula — — , in which ic^ is 

the weight of the body in tons. This calculation has 
lM)eu made for each experiment recorded in the Table in 
the third last column. 

Now, before a train can be brought to rest, the work 
put into it) and there accumulated while its velocity 
was being augmented, calculated as above explained, 
must be taken out of it; and this constitutea oofi 
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element in estimating the power of a brake with a 
moderate increase in the velocity of a train. Since the 
work thus accumulated in the train increases as the 
square of the speed, the work to be done by the brake 
in undoing the work in the train is greatly augmented. 
For example, the London and Brighton train, No. 16, 
when running at 52 miles an hour, had as much work 
stored up in it as would suffice to lift 18,319 tons 1 foot 
high, that is, 18,319 foot-tons; but the same train 
when running at 49*5 miles an hour had only 16,728 
foot-tons of work stored in it. As, then, the stored 
work has to be taken out by the brake, no better 
me^asure of the work actually done by each brake can 
be found than that just given. The Table shows on 
inspection the actual work done in foot-tons by each 
system in each run. But this statement in foot-tons is 
by itself incomplete, since it shows only the total work 
done, and takes no account of the time in which it is 
done. So, of two brakes doing precisely the same 
amount of work, one might be twice as long in doing 
the work as the other, and consequently it would 
really be only half as efficient. The second last column 
of figures is, therefore, supplied, which shows not only 
the whole work in foot-tons, but the work done in 
foot-tons per second; and this column contains all that 
is necessary for forming an opinion as to the merits of 
a brake. The figures therein contained show the 
efficiency of each brake, and the deductions which may 
be drawn from it are sufficiently remarkable. Thus, for 
example, we find from numbers 17, 18, and 19, that 
while a brake — Fay's brake — in one instance did work 
to the amoimt of 452*1 foot-tons in a second, another 
— Smith's— did 748*1 foot-tons, and a third — Clark's 
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— did 634-2 foot-tons per second. These are, then, 
the standard data by which to compare the merits of 
various brakes. 

But even now the facts are not all laid bare, and so 
another column, the last, is added, showing the distance 
to which all the trains would have run had the speed 
in each example been 50 miles an hour when the 
brake was applied. It may be well to explain that the 
distance which a train, or any other moving body, 
traverses against a constant ret£»*ding force varies as 
the square of the velocity, whilst the time occupied in 
traversing these distances varies only as the velocities ; 
that is, for instance, if a train running at 10 miles an 
hour be brought to rest in the course of 100 feet in 
22 seconds ; then, under the same conditions of retarda- 
tion, if the train be running at a speed of 20 miles an 
hour, it would .traverse 400 feet, and would occupy 
44 seconds in being brought to rest. On this principle 
the contents of the last column have been calculated. 

Now, in all the brake trials recorded in the Table, the 
whole of the work of retardation is credited to the 
brake, and it is certain that this involves some error, 
because there is the friction of the journals, the resist- 
ance of the road, and that of the air, in opposition. 
As the error is very trifling, we may pass that by, 
and go on to explain the Table, and learn something 
from it. It will be seen that, so far as the action of 
the brake-blocks alone is concerned, the work done by 
all the brakes appears to have been about the same. 
But, notwithstanding this fact, the Table shows that 
some brakes were better than others ; and it is impor- 
tant to show how these differences are got at. Thus, for 
example, in the experiment No. 37, the Westinghouse 
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automatic-brake developed a resistance of 724- foot-tons 
per second, and No. 39, Smith's vacuum-brake, developed 
669*6 foot-tons per second. 

In an experiment made to test the time required to 
apply the blocks, the train, in the case of the auto- 
matic-brake, being at rest, all the brakes were applied 
simultaneously, in not more than 3 seconds after 
the valve was opened ;. whilst the time required to 
apply the blocks by the vacuum-brake, varied from 
7 seconds to 18 seconds. The train fitted with the auto- 
matic-brake was stopped in 18 seconds, and the train 
fitted with the vacuum-brake in 24*5 seconds. Taking 
3 seconds as the time required to put on the brake in 
No. 37, the whole time the brake was in action was 
but 15 seconds ; and if we strike an average, and 
say that the whole time required to apply all the 
blocks in No. 39 was 12*5 seconds, then the time the 
brake was really in action was but 13 seconds. It would 
appear from this, at first sight, that the train No. 39, 
which took most time to pull up, was fitted with the 
best brake, provided it could be got into action more 
quickly. But, in case of accident, it is obvious that the 
brake which is most quickly applied by the driver is 
the most useful. In the case of No. 9, applied by hand 
by the guard with a continuous screw, 608*4 foot-tons 
of work per second was done ; and this is below the 
result obtained either by the automatic air-brake, or by 
the vacuum-brake. There is here a falling off in 
efficiency, and it is due first to the time lost in getting 
the blocks into action, and secondly to the power 
adopted for applying the brake. The automatic air- 
brake, as already described, is applied by compressed- 
air of from 80 lbs. to 100 lbs. pressure per square inch. 
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The vacuum is applied as a force against the ordinary 
pressure of the atmosphere; and the screw-brake is 
applied by manual force at the ordinary hand- wheel in 
the guard's van. 

Another point worth consideration is that the mere 
extension of a continuous brake throughout a train 
may, under certain circumstances, be of no possible 
utility. 



CHAPTER XV. 

SUMMARY AND CONCLUDING EEMAEK8. 

The Board of Trade, guided by ample experience, have 
issued a circular in which they have laid great stress on 
the importance of all trains being fitted with continuous 
brakes, to comply with the following conditions. The 
brakes must be capable of stopping a train on a level, 
within 275 yards, from a speed of 50 miles an hour. 
They must be instantaneous in their action. They 
must be capable of being applied without difficulty by 
the engine-driver and the guards. 

In case of accident they are to be instantaneously 
self-acting. The brakes are to be put " on '* and taken 
" off" with facility, on the engine and on every vehicle 
in the train. The brakes are to be regularly used in 
daily working. The material is to be of a durable 
character, so as to be easily maintained and kept in 
order. The public and railway-men will cordially 
agree with this order. 

Independently of the conditions laid down by the 
Board of Trade, there are certain characteristics which 
it is desirable to secure and which may be briefly 
summed up as follows : for instance, it is important 
that the brakes should act simultaneously upon each 
wheel of the train in order to secure the best results in 
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stoppings with the least strain upon the draw-bars, and 
if the brakes are to act automatically upon each portion 
of the train in case of a separation of the couplings, it is 
obvious that the engine, as well as the tender, and every 
other vehicle should have its own store of power to be 
brought into action when required. 

The drivers who stop and slow trains for ordinary 
purposes should be able to apply the brakes with 
whatever force they think best, and the brakes should 
remain on until released, otherwise a severed portion 
of a train might cause an accident by moving on tui 
incline. The engine or any carriage should be capable 
of being easily detached without applying the brakes, 
and the store of power should remain available on the 
detached portion of a train, so that it may at any time 
be in the power of the guard, in any case of emergency, 
independently to apply the brakes of the severed 
portion. 

Damage during an accident to the brake or any one 
carriage should not destroy the efficiency of the brakes 
on other carriages. On many railways, portions of 
trains are purposely slipped, and it should be possible 
to separate the train without applying the brakes, at 
the same time leaving the brake-force capable of being 
brought into action at the pleasure of the driver and 
guards on both portions of the train. 

It sometimes happens that the brakes are required to 
be applied several times within a few hundred yards, or 
to control trains in the descent of long inclines. The 
brake-force should not be exhausted by such frequent 
applications. 

Within certain limits the distance which can 
be allowed between the brake-blocks and the tyres 
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of the wheels when the brake is not in operation, with- 
out at the same time diminishing the pressure which 
can be brought to bear by means of the pistons on the 
blocks when the brakes are applied, is a very important 
consideration. 

If the brake-blocks cannot be moved well away from 
the wheels, they may be constantly rubbing, causing 
great waste of locomotive power in the running of 
the trains. 

Let us now notice, first, the non-automatic air-brake, 
which is clearly illustrated by a simple drawing, Fig. 
78. Under each 
carriage is a cylin- 
der connected with 
the main pipe, a. 
This is a simple 
and cheap ar- 
rangement, but it 
does not fulfil the 
requirements of 
the Board of 
Trade, although 
two schemes have 
been invented to 
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Fig. 78. — Non- Automatic Brake. 

make this brake automatic in its action. One is shown 
by Fig. 79. It consists of a brake-cylinder and reser- 
voir, E, in connection with the brake-pipe, a. The 
pressure of air in the brake-pipe moves the piston into 
the position shown, so as to clear the passage leading to 
the reservoir, which thus becomes charged with com- 
pressed-air. A check- valve, k, prevents any return of 
air from the reservoir to the brake-pipe. 

To apply the brakes, air from the brake-pipe on one 
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CHECK VALVE 



side of the piston is withdrawn from the pipe nmning 
the length of the train, and the pressure in the reservoir 

on the other side 
forces out the 
piston and ap- 
plies the brake. 
If any of the car- 
riages parted a- 
sunder, the com- 
pressed - air 
would rush out 
of the main pipe 
and the reduc- 
tion of air would 
cause the supe- 
rior or higher 
pressure in the 
reservoir to set 
the brakes into 
action. This 
brake, there- 
fore, is in that particular feature automatic. At 
first sight, this appears simple and satisfactory, but 
on further examination we shall find several objections 
which render it difficult to work in practice. First, 
to apply the brakes fully, all the air in the brake- 
pipe and the cylinder on each carriage has to be ex- 
hausted at the engine. Hence an enormous waste of 
air, to replace which, for frequent stops, a powerful 
high-speed air-pump would be required. Secondly, 
owing to the large volume of air from all the brake- 
cylinders having to be discharged at the engine and 
through a long pipe of comparatively small diameter. 




Fig. 7d.— Automatic Air-Brake. 
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this brake is necessarily very slow in its action. Thirdly, 
air being admitted to both sides of the piston, the piston- 
rod has to be packed. So long as this plan only con- 
cerns the brake on an engine, where the driver can 
keep it in order, it is not of much consequence ; but 
when applied to the whole of the carriage-stock of a 
large railway company, it becomes a most important 
matter. For, in addition to the friction of the piston- 
rods, these packings would be constantly leaking and 
thereby cause a further waste of air. This increases 
the first objection. Keeping to the principle of main- 
taining air-pressures on both sides of the piston, only 
the second objection of slow action has been, to some 
extent, overcome. This is done by attaching to each 
brake-cylinder, a valve of such construction that a re- 
duction of pressure in the brake-pipe allows air from 
each cyKnder to exhaust separately under every vehicle, 
direct into the atmosphere, without having to travel all 
the way to the engine, and the brakes are applied as 
before. This arrangement is shown in principle in Fig. 
80. Air from the brake-pipe opens a small valve in 
the centre of the diaphragm, and fills the cylinder and 
reservoir. To apply the brakes, a reduction of pressure 
is made in the brake-pipe and above the diaphragm by 
the driver or the guard ; the pressure below raises the 
diaphragm-valve, and the air from the cylinder exhausts 
into the atmosphere. This certainly diminishes the 
slow action of this class of brake, but the two objections, 
namely, enormous waste of air and piston-rod packing, 
can never be overcome in this way, and makes the 
whole impracticable. The question has been solved in 
another way, shown in Fig. 81, the Westinghouse auto- 
matic-brake. 
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In this system, a small piston and slide-Talve — 
generally known as the triple-valve — ^is placed 
between the brake-pipe reservoir and cylinder. Air 
from the brake-pipe pushes the piston into the position 
shown, and feeds through a small hole past the piston 




Fig. 80. — ^Automatic Brake. 



into the reservoir. This piston carries with it a slide- 
valve, which covers the port leading to the brake- 
cylinder. To apply the brakes, the brake-pipe pressure 
below the piston is reduced by the driver or guard 
operating his brake-valve, and the piston and slide- 
valve are instantly lowered by the higher pressure 
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above, thus uncovering the port and allowing part of 
the air in the reservoir to flow into the brake-cylinder. 
To release the brakes, air from the main reservoir on 
the engine restores the pressure in the brake-pipe, at 
the same time lifting the piston and slide-valve into the 
position shown, and allowing the air from the brake- 
cylinder to exhaust into the atmosphere. Th« advan- 
tages here are : first, by storing the air in a separate 
reservoir, and afterwards applying it to one side only 
of the piston, a packing for the piston-rod, with its 
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Fig. 81. — ^Weatinghouse Automatio Brake. 

inconvenience and expense, is avoided ; secondly, since 
the brakes can be appKed with full force by a reduction 
of one-seventh of the pressure in the brake-pipe only, 
very great economy of air, combined with an almost in- 
stantaneous application of the brake on long trains, is 
the result. 

That this is so may be seen by a study of the follow- 
ing figures : — Suppose the brake-cylinder in Fig. 79 
to be 8 inches in diameter and 12 inches long, the stroke 
of the piston, on an average, 6 inches, the brake-pipe 
1 inch in diameter, the auxiliary reservoir of 1,800 cubic 
inches capacity, and the apparatus fitted to a train of 
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fifteen yehicles, each 30 feet in length. Capacity of one 
brake-cylinder = 600 cubic inches; capacity of brake- 
pipe on one carriage = 284 cubic inches. To apply 
the brake fully, as arranged in Fig. 79, there must 
be discharged on each yehicle 884 cubic inches of 
air. Comparing this with the Westinghouse system, 
shown in Fig. 81, the brakes will be fully applied by 
discharging only 40 cubic inches, or one-seventh of the 
air in the brake-pipe. Taking an 8-inGh cylinder with 
6 inches of stroke, when the brake is fully applied, the 
reservoir holding 1,800 cubic inches and the cylinder 
300 cubic inches, the air when thrown into one expands 
into 2,100 cubic inches of space ; thereby reducing the 
pressure to six-sevenths of its original amount ; to effect 
this it is only necessary to reduce the brake-pipe pressure 
one-seventh. For fifteen vehicles, then, to apply the 
brakes fully, the relative proportions will be : — Fig. 
79, 13,260 cubic inches ; Fig. 81, 780 cubic inches. 
This explains the reason of slow action. 

Now for the quantity of air used in the two systems. 
Taking Fig. 79 and Fig. 80: volume of cylinder 
= 600 cubic inches; volume of brake-pipe = 284 
cubic inches ; total 884 cubic inches. Fig. 81 for 
the Westinghouse brake : J volume of cylinder = 300 
cubic inches ; ^ volume of brake-pipe = 40 cubic inches; 
total 340 cubic inches. In either of the systems shown 
in Figs. 79 and 80, the air used amounts to fully 
2^ times that required in the case of Fig. 81. For the 
full application of the brakes, as in Fig. 80, the amount 
of air to be discharged is considerably less than that in 
Fig. 79. The volume of the brake-pipe is 284 cubic 
inches, which must be discharged, against 40 cubic 
inches in the case of Fig. 81, so that Fig. 80 has to 
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discharge seven times more air than the Westinghouse^ 
to apply it with full force. 

Resuming what has been said^ it is seen that Steel 
recommends the employment of pressure on both sides 
of the piston, and Westinghouse the use of a separate 
reservoir, and a triple- valve. In the former system, 
stuffing-boxes are necessary ; but it has long since been 
recognised that these are to be avoided in air-brakes ; 
and also that brakes constructed on the Steel principle 
cannot be successfully used without a valve somewhat 
similar to the Westinghouse triple-valve. Even then, 
the brake is slow in its action, and the waste of 
air is very considerable. Therefore, all things con- 
sidered, it may now be accepted that the principle 
adopted by Mr. Westinghouse is correct for pressure- 
brakes. 

Two principles, or rather two systems, of vacuum- 
brake prevail : 1st. The use of vacuum on both sides of 
the piston; 2nd. A store of vacuum maintained separate 
from the brake-cylinder by one or more valves. 

The question is similar to that of pressure, and this 
is clear because, in both cases, pistons are moved by 
air-pressure. The same arguments are applicable, and 
therefore a vacuum-brake with a separate reservoir and 
a valve between it and the brake-cylinder, will give 
better results than a brake with a vacuum on both sides 
of the piston. 

When we come to consider what has been done in 
automatic vacuum-brakes, however, we see that very 
defective contrivances are now proposed and recom- 
mended by the patentees in the field. 

In describing these, we have already pointed out that 
this brake must always be fully on or fully off, because 
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the Talve, a, must be over on one side or the other. 
This is sufficient to show that the yalves used are so 
defective in principle that they cannot be called 
" practical.*' 

Besides, the number of applications of this contri- 
vance is as yet so small that it cannot be said to have 
entered into practical life ; and we are sure that a great 
extension of this principle would at once bring to light 
its great defects and its inferiority as a trustworthy 
mechanical contrivance. 

As to the other automatic vacuum-brakes described, 
they must also be considered as imperfect, except, per- 
haps, the Eames brake, which is much the best. £ut 
the whole brake has been spoiled by adding to it a 
second line of pipe putting all the brake-cylinders 
into communication with one another. Most of the 
advantages of automatic action are thereby lost, and, as 
before said, we do not think that this brake is much 
safer than a simple vacuum-brake. 

If the plain pipe in the Eames brake is done away 
with, there remains a complete automatic vacuum- 
brake, which might give a fair brake if the reservoirs 
on the carriages were made large enough. 

It then resembles closely the Westinghouse brake, 
with the exception of the use of vacuum instead of 
pressure. The action of the valve is identical with 
that of the Westinghouse single valve, but it is by no 
means simpler. This apparatus is most fitting for a 
comparison of automatic vacuum versus automatic pres- 
sure. The comparison must have relation to simplicity, 
efficiency, bulk, and weight. 

As to simplicity y the close study of the two apparatus 
shows that the Eames brake has no advantage over the 
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Westinghouse brake. On the contrary, the valve used 
by Eames is at least as complicated as the Westing- 
house valve, and is not so reliable and durable, because 
it contains a flexible diaphragm which is out of sight 
and will fail. 

It must be remembered that Westinghouse used dia- 
phragm-valves as early as in 1873, and found that they 
did not stand well in daily use. He therefore adopted 
a small piston and slide-valve instead of a diaphragm, 
and he finds that they answer the purpose much better. 

We do not think that the vacuum-valves will meet 
with a different fate, and if ever automatic vacuum- 
brakes are used in the future, we are convinced that 
piston-valves will do better than diaphragm-valves. 
Whenever it is tried to make a suitable valve for auto- 
matic vacuum-brakes, it will be found to be anything 
but an easy matter. It is beyond doubt that such 
valves will give great trouble from freezing, because 
the exhaust of air and return of moisture are much 
more serious with automatic vacuum-brakes than with 
pressure-brakes. 

It is certain that automatic vacuum-brakes cannot be 
used with the necessary degree of efficiency without a 
valve at least as complicated as the triple- valve, and 
they have, therefore, no advantage on that score. 

As to efficiency, when describing the Hardy auto- 
matic brake we gave a calculation as to the size of 
reservoir that would be required to bring the efficiency 
of that automatic vacuum-brake somewhere near to 
that of the Westinghouse brake, and we found that the 
reservoirs on the carriages would have to be about 
20 times as large as for the Westinghouse brake. This 
calculation holds good also for the Eames brake. 
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As to hulk and tceighi, the foregoing remark illus- 
trates sufiSciently the impracticahility of such apparatus. 
But, all things put together, we think that the follow- 
ing remark is not without importance. 

Suppose that it is possible to construct an automatic 
vacuum-brake, which performs exactly as much as the 
Westinghouse automatic brake. We then ask, where 
is the advantage to use vacuum rather than pressure P 

What is the advantage of using eight times larger 
pistons and twenty times larger reservoir)^ of great 
bulk and enormous weight ? 

The general tendency of engineering science is 
towards the use of high pressure, and not towards the 
use of vacuum ; and there is no reason why this rule 
should not apply to continuous brakes. 

The following Table is of interest in comparing the 
total weight of the brake apparatus (foundation brakes 
iucluded) in the case of the Westinghouse automatic 
brake, and that of the Smith-Hardy vacuum-brake. 





Westinghouse 
automatic. 


Smith- Hardy 
vacuum. 




Engine 
& Tender. 


One 
Carriage. 


Engine 
& Tender. 


One 
Carriage. 


Weight of the foundation- 
brakes, manufactured by 
the Railway Company, 
according to the designs 
of the Brake Company . 

Weight of the apparatus sup- 
plied by the firake Com- 

Total weight of the apparatus, 
foundation-brake included 


lbs. 

231-7 

440-9 
2758 


lbs. 

1080 

198-4 
1100 


lbs. 

359-6 

376-6 
3963-8 


lbs. 

2171-5 

233*6 
2405-2 


Total weight of the apparatus 
for the whole train . . . 


30293-5 


64121-6 
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These weights were carefully noted by the Paris, 
Lyons, and Mediterranean Railway Company, who 
fitted two trains exactly alike with these two brakes. 
The trains consisted of one engine, one tender, and 
25 carriages. The Table shows that the vacuum-brake 
is nearly two and a quarter times as heavy as the 
Westinghouse brake. 

In regard to the automatic vacuum-brake, as used by 
the Midland Railway Company, which Company is the 
only one who largely uses an automatic vacuum-brake, 
we have already pointed out its weak points. We have 
only to add that the engines and tenders are fitted with 
powerfiil steam-brakes ; and, from a great many drivers, 
we know that they depend for stopping their trains more 
on their steam-brake than on the automatic vacuum- 
brake. They have told the author repeatedly that 
they would come daily to grief with the automatic 
vacuum-brake if they had not the steam-brake to fall 
back upon. Therefore, the fact that the Midland Com- 
pany is using an automatic vacuum-brake in daily 
working, is no proof whatever that such a brake is 
satisfactory, and we ourselves are convinced that if the 
Midland Company abolished the use of the steam-brake 
on their engines, there would be a serious accident in 
less than a week. 

We might mention here that, when reporting on the 
accident which occurred on the 10th July, 1881, at the 
Central Station, Manchester, Major Marindin stated: — 
that the remits of the coUision were no worse, was doubtless 
due to the fact that the driver had at his command an 
EFFICIENT brake. 

We find, in the same report, that the speed of the 
train was about 6 miles per hour when the brakes were 
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applied, and that the engine was then at a distance of 
65 yards from the point of collision. ^Notwithstanding 
this, the train struck the standing engine with force 
sufficient to cause a great amount of damage. This 
shows that the brake used was very poor indeed, and it is 
even hardly conceivable that any continuous brake, how 
ever poor it may be, could not have brought the train 
to a stand from a speed of 6 miles an hour within a 
distance of 65 yards. There is only one way to explain 
this, with the particular form of brake in question, 
which was the Clayton or Sanders automatic vacuum- 
brake, provided with leakholes in the brake pistons. 
The driver most likely applied the brake when approach- 
ing Manchester, and, when he had arrived at the spot 
where the accident occurred, the speed was reduced to 
about 6 miles per hour. Then all the brake-power on 
the train had vanished at the very moment that it was 
most wanted. 

A stronger condemnation of the leakhole arrange- 
ment cannot be found. 

It results from what has been said above, that air- 
pressure brakes offer great advantages over vacuum 
apparatus. Air is a most convenient and admirable 
medium for transmitting the power from one end of 
the train to the other. It is exceedingly elastic and 
prompt in its movements. High pressure admits of 
great power being derived from small surfaces and 
light fittings. We have already shown that what is . 
called automatic action is an essential condition in a 
good continuous brake, but its efficiency depends on 
the method of carrying out this principle. Let us 
see what is implied in this term, " automatic action.** 
The Board of Trade Returns show, and we know 
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from experience, that the worst class of accidents 
arise from broken tyres, axles, and rails, and also 
imperfections in the permanent way. In such cases 
it has been found, as indeed was only to be ex- 
pected, that the brake-apparatus itself is the first 
thing to be damaged in some vehicle, even if the 
couplings do not separate. It is therefore most important 
that such injury should lead to the instant application 
of the brake upon the carriage which is partially 
damaged, as well as upon those which are left unda- 
maged, and this without the intervention of the driver 
or the guard, who might not become aware of the mis- 
hap imtil too late to prevent its consequences. Under 
such circumstances, a non-automatic brake becomes 
inoperative. Even if it had previously been applied 
it would at once come off, when the damage was done 
or the couplings were parted, and this would cease to 
be a brake, to all intents and purposes, just at the very 
moment when the best brake in the world was required. 
In like manner, when a train becomes divided from 
any cause, although the brake work remains uninjured, 
the brakes must at once apply themselves, and remain 
APPLIED, on both portions, until taken off by some one 
in authority, so that, if on an incline, the rear part 
cannot run back while the men are thinking and 
employed about the front part. Automatic action 
implies that the guard can set it in motion, no matter 
how far he may be from the engine ; he may be in the 
last vehicle, and he can apply it with the same facility 
as the driver. This feature has been of great service 
when passengers have been in danger from attempting 
to enter or leave carriages in motion. 
In the remarkable accident in October, 1880, at 
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!Kibwortli, when the engine-driyer of a fast express was 
running his train backwards, without knowing it, there 
is no doubt that a much more serious collision than 
what happened was arrested by the use of the brake 
in the guard's van. 

The brake which can be most quickly brought into 
action will stop a train in the shortest time ; and a loss 
of one second in bringing the greatest possible power 
to bear upon the wheels may result in a terrible 
calamity. A study of the most fatal accidents shows 
that they arose from extraordinary causes, which were 
impossible to foresee, and not from ordinary defeats. 
The causes which lead to these accidents may possibly 
be repeated, but one thing we have no doubt of, and 
that is, that accidents will happen again, when the 
only safeguard will be a powerful instantaneous self- 
acting brake. We work at a high speed with high- 
pressure steam, and haul trains of great weight and 
length, and therefore in case of a mishap a great 
powerful brake is necessary to pull up in the shortest 
possible time. It is what is absolutely required in cases 
of danger, which frequently is not seen until there is 
not a second to be lost in pulling up. 

After impartial consideration of the various con- 
tinuous brakes, having well weighed their principles 
and watched them in practice, and knowing, from the 
foot-plate point of view, what is required of a brake, it 
is impossible to come to any other conclusion than that 
the system invented and perfected by Mr. Westing- 
house is the one that meets entirely all the require- 
ments of the Board of Trade. It is indisputable 
that, regarded as a train-stopper, the Westinghouse 
automatic brake was by far the best brake at the 
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Newark trials in 1875. There is no oversetting the 
fact, that since these trials were made, it has been used 
in all kinds of weather, upon long and short gradients, 
and made all kinds of stops, sudden or gradual, in com- 
petitive experiments with other brakes, and in every- 
day working. In all instances it has been unrivalled. 
It has complied with every demand made upon it either 
by the Board of Trade or by the people. Its superiority 
is due, first, to the fact that compressed-air is swifter 
in its action than either ordinary atmospheric air or 
water ; secondly, that, practically, each carriage is inde- 
pendent of the engine, and carries its own store of 
power ; thirdly, its very rapid and simultaneous action , 
enables it to begin work within a second. Finally, 
there has been no test to which brake-makers thought 
proper to see it submitted, that it did not encounter, 
and it has come out of every ordeal successfully. 

A most remarkable report was made on the Westing- 
house automatic brake in 1879, by one of our greatest 
railway engineers, Mr. T. E. Harrison, chief engineer 
of the North Eastern Railway. This report is excep- 
tionally clear and concise, and it is printed in full in 
the Appendix. 
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I.— TRAIN SPEED INDICATOR. 

At the celebrated brake-trials at Newark, in 1875, it 
was attempted to obtain trustworthy evidence respecting 
the retarding force of brakes within given distances, in 
order to form an estimate of the comparative value of 
different brakes, by means of an electric apparatus, 
which recorded the instants at which the experimental 
trains passed over contact pieces placed on the line of 
rails, 200 feet apart. This arrangement was well carried 
out, and every effort was made to secure accuracy. 
Nevertheless, the system, as a whole, was vastly inferior 
to that of obtaining a continuous record of speeds by 
means of a speed-indicator. 

The principle of Westinghouse's speed indicator is 
represented by Figs. 1, 2, 8, 4, Plate IX. The indicator. 
Figs. 1, 2, and 3, is intended to be fixed in a carriage or 
a van ; and that shown by Fig. 4 is adapted for use on 
an engine. The principle upon which the apparatus 
acts consists in controlling the escape of water under 
pressure by means of a small valve loaded by the action 
of centrifugal force, the arrangement being such that 
the higher the speed at which the apparatus is driven, 
the greater is the pressure exerted by certain revolving 
weights upon the escape- valve, and the higher therefore is 
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[From " Ekoinekmng," of S^tember 8, 1876.] 
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the pressure maintained within the chamber with which 
this yalye is in communication. The chamber constantly 
receives a supply of water either from pumps or from 
the boiler. A pressure-gauge is affixed to the chamber 
containing the water under pressure, and it affords by its 
indications information as to the speed at which the appa- 
ratus is being driven. Although very simple in prin- 
ciple, much ingenuity has been expended in bringing 
the apparatus into such a form that its indications shall 
be trustworthy in practice. Referring to Figs. 2 and 
3, it will be seen that the a{>paratus consists of a base, a, 
forming a small water- tank,; there being bolted down to. 
this base a casting, b, carrying all the rest of the parts. 
To one side of the casting is fixed a tubular axis, 
on which is mounted the pulley-casing, c, which is 
driven by a belt from another pulley on any convenient 
axle. Care is to be taken that the wheels on this 
axle are not fitted with brake-blocks. Fixed on the 
pulley, c, is a pinion, d, which gears into a small 
spur-wheel, e, mounted on a spindle provided at its 
other end with a disc-crank, f. From this crank are 
led off two connecting-rods, g, g, which work small 
plunger-pumps drawing water from the water-cham- 
ber, A. The arrangement is clearly shown in Fig. 3, 
from which it will be seen that the pistons or short 
plungers of the piunp are forced outwards by springs, 
so that the connecting-rods work constantly in com- 
pression, and the pumps can thus be driven at a high 
speed without inconvenience. 

The two pumps deliver water through channels, a, a, 
into the channel b, which is fitted with a small spring- 
loaded relief- valve, as shown in Fig. 2; this valve, 
when open, allowing any excess of water to escape 
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through the hole, c, back into the water-channel, a. 
Communicating with the passages, a, a, there is also 
another channel, d, shown in Fig. 3. This passage is 
fitted with a small check-yalye as shown, and through 
it the water delivered from the pumps can flow up to 
the socket, e, into which the spring accumulator, h, is 
screwed, as shown in Fig. 2. The construction of this 
accumulator will be readily understood. It consists of 
an indiarubber diaphragm, having on its underside a 
small plunger against which the water acts, whilst on 
its upper side is another plunger or piston forced 
downwards by a spiral spring. The lower plunger 
has a small rod or needle projecting from it, this needle 
being very slightly tapered, and the water on leaving 
the accumulator passes down around this needle to a 
channel, //, leading to a second accumulator, i. This 
second accumulator is similar to the first, with the 
exception that it is disposed horizontally instead of 
vertically, and by the time the water reaches it the 
pulsations caused by the action of the pumps are 
entirely destroyed. 

In this second accumulator, the water may be con- 
sidered to be contained at a steady pressure, the 
amount of this pressure depending upon the arrange- 
ments now to be described. When the instrument is 
fixed on the engine, and the supply of water required 
is drawn from the boiler instead of being supplied by 
pumps, the fixed accumulator is dispensed with, one 
only being employed, as shown in Fig. 4. In this 
case, the water, instead of entering the accumulator 
near the periphery, and escaping at the centre around 
a needle attached to the ram, follows the opposite 
course, entering through the passage, /', Fig. 4, 
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passing into the accumulator around the needle, g\ and 
escaping through the passage, U^ to the regulating 
escape-valve. Returning to Fig. 2, it will be seen 
that the water can escape from the second accumulator 
past the needle, Qy into the passage, A, which is con- 
nected by small holes with a recess, «, covered by a 
thin indiarubber diaphragm attached to the relief- 
valve, A. The form of this valve is, as will be 
seen, such that "^hen raised from its seat, the water 
flows out through a central opening in the valve into a 
small chamber, from which it can return into the 
water-reservoir, A. The regulation of the pressure 
upon the relief-valve, A, is the next point for con- 
sideration. 

It will be seen from Fig. 4 that the relief- valve, 
A;, has attached to it a rod, /, which takes a bearing 
against a smaU horizontal lever, m, as shown. This 
lever is also pressed at another point by the rod 
or spindle, o, and it will be seen from Fig. 4 that the 
lever is contained in a recess or mortice cut in a bar, 
w, so that by turning the screwed caps with which the 
ends of this bar are fitted, the lever can be shifted 
longitudinally, and the ratio which the pressure 
exerted by the spindle, o, shall bear to that transmitted 
to the rod, /, can thus be adjusted with great delicacy. 
The spindle, o, extends through the tubular axis on the 
pulley, c ; it is mounted, and is provided within that 
pulley with the grooved collar, ^, which takes hold of 
the shorter arms of the two bell-crank levers, g, q. The 
other arms of these levers carry small weights, r, r ; and, 
as the pulley, c, revolves, the centrifugal force developed 
tends to spread these weights, and thus, through the 
intervention of the bell-cranks, exerts a pressure longi- 
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tudinally on tlie spindle^ o. But this spindle transmits 
its pressure through the lever, m, and rod, /, to the 
escape-valve, k, and thus the pressure with which this 
valve is loaded depends upon the centrifugal action of 
the weight, r. The whole action of the apparatus will 
now be clear. 

The centrifugal force exerted by the weights, r, r, 
will vary as the square of the velocity at which the 
pulley, c, is driven, and hence the pressure on the 
escape-valve, k, will also vary as the square of the 
velocity of the pulley, or, what is the same thing, 
the square of the velocity at which the train is moving. 
But a constant supply of water is delivered to the 
accumulator, i, from the pumps — or from the engine- 
boiler, as the case may be ; and the pressure maintained 
within this accumulator is controlled by the load on 
the escape-valve, k, hence a pressure-gauge placed in 
communication with the accumulator, i, will indicate 
pressures which are proportional to the squares of the 
speeds of the train. 

To connect it with the accumulator, i, the pressure- 
gauge is screwed into the socket, 8, and a gauge 
thus arranged is shown in the perspective view. 
Fig. 1. From the indications of this gauge, the speed 
of the train at any instant can be at once ascertained. 
But beyond this, it was desired, and was found neces- 
sary, not only to be able to ascertain the &peed of a 
train at any given instant, but to be able to describe 
a diagram, like an engine-diagram, recording the 
decrease of speed after the application of a brake. 
For this purpose, the apparatus was fitted with attach- 
ments for connecting it to a suitable indicator. This 
indicator is connected at the same point as the 
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pressure-gauge, and its drum is driven as follows : — 
Referring to the perspective view, Fig. 1, and to 
Fig. 2, the pulley, c, has fixed to it a short worm, ty 
into gear with which the small worm-wheel, w, can be 
placed. Another worm, v, on the same axis as the 
worm-wheel, w, drives another worm-wheel, Wy and a 
slow motion is thus given to the disc from which the 
cord for moving the paper-drum of the indicator is 
driven. A slow motion is thus obtained for the drum 
of the indicator. The indicator is similar to the ordinary 
steam-engine indicator, except that the paper-drum is 
somewhat larger, its circumference being 12 inches. 
If, now, the gear for giving motion to the paper- 
drum be thrown into action at the same time as 
the brake is applied, the pencil of the indicator 
being at the same time in contact with the paper, 
it is evident that as the speed of the train becomes 
reduced, the pencil of the indicator will fall, and 
this downward movement, combined with the rotary 
motion of the drum, will cause an inclined line 
to be traced on the paper, the height of this line 
above zero at any given point being a Vneasure of the 
speed of the train at the corresponding point of its 
movement. It is evident that the curves drawn by the 
pencil of the instrument afford the fullest possible in- 
formation respecting the action of the brake with which 
the train is fitted. Thus not only do they show the 
distances run and the mean retarding forces, but they 
also afford data for calculating the retarding force 
exerted at each part of the stopping course, and tell 
whether the brake-power has been applied promptly — 
as it should be to obtain the best results — or whether 
it had only come gradually into action, and involved a 

o 
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loss of time at the commencement of the operation, 

when the train 
was moying 
quickly. 

It is hardly 
necessary to 
observe that, 
^ with a theo- 
J retically per- 
^ feet brake, the 
^1 1 retarding force 
M would be con- 
i stant, and the 
-gj diagram would 
^^ be a parallelo- 
^ gram; and that 
^ the deviation 
M of the actual 
^ diagram from 
^ the latter form 
'^ affords visible 
i evidence of the 
_« actual eflSci- 
9 encyofabrake. 
^ Fig. 82 is a 
^^ copy of a dia- 
^ gram taken 
with the ap- 
paratus. No.l 
stop : — This 
shows that the 
brakes were 
applied at a 
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speed of 41*5 miles an hour, and stopped in 485 
yards. No. 10 stop: — The brakes were applied 
at 46 miles an hour, and stopped in 680 yards. 
No. 2 stop : — The brakes were applied at 61 miles 
an hour, and stopped in 1,185 yards. No. 9 
stop : — The brakes were applied at 66 miles an 
hour, and stopped in 1,380 yards. But, to make any 
fair comparison between the performances of brakes on 
different lines, and under different conditions, some- 
thing more than the maximum speed and the length of 
stop is absolutely necessary, namely, the weight of the 
train and the time occupied in stopping. 

The comparative experiments that have been made 
upon different brakes do not afford sufficient data to 
enable us to give comparatiye tables, excepting what 
was done at Newark in 1875. In the experiments 
which have been made since that time on different 
brakes, arising from the desire of the Westinghouse 
Brake Company to meet their rivals in the open field, 
there has, in many instances, unfortunately, been much 
difference in the engines and tenders as to size, power, 
and relative brake-power, some having iron brake- 
blocks, and some having wooden brake-blocks. Some 
of the six-wheeled carriages had no brake-blocks on 
the middle wheels. In some instances the experiments 
were conducted with trains of eight carriages, such as 
run on branch lines, which bore no comparison with a 
heavy freighted train of sixteen or eighteen coaches 
on the main line. It would suit some systems of 
brakes to be tested on short trains, such as would 
require considerable time to bring the blocks into 
operation on all the carriages of an ordinary express 
train ; but it is on the express trains that prompt 
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action is required. A second or two lost, and all may 
be lost. A driver may lessen the force of a collision, 
but that is not sufficient ; he must, if possible, avert 
a collision. 



II.-CAPTAIN GALTON'S EXPERIMENTS ON THE 
ACTION OF BRAKE-BLOCKS. 

A NUMBER of important experiments have been made 
upon the London and Brighton Railway to ascertain, 
with a single vehicle, the laws governing the action of 
brake-blocks upon wheels, so as to determine, if pos- 
sible, the amount of brake-force necessary to produce 
the best results ; also to ascertain the distance within 
which a single vehicle can be stopped when running at 
various speeds. 

A special brake-van was built by the London and 
Brighton Railway Company for these experiments. It 
was attached to the engine, and was run at various 
speeds, during which various forces were applied to the 
wheels, and the force of the brake-blocks against the 
wheels was measured by a self-recording dynamometer. 
The experiments were made between Hastings and 
Brighton, in the presence of Mr. Stroudley, the Loco- 
motive Superintendent of the line. Sir Henry Tyler, 
Captain Galton, and others. The author was in charge 
of the engine, " Grosvenor." The results were investi- 
gated by Captain Galton, and a paper on the subject 
was read by him before the Institution of Mechanical 
Engineers. 

The principle of the self-recording dynamometers 
fixed in the van, is that the force to be measured acts 
on a piston fitted in a cylinder full of water, and the 
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pressure of tlie water is measured by a Richards indi- 
cator connected by a pipe to the cylinder. Thus, as 
the drum reyolyes, diagrams are obtained, giving the 
force acting on the piston. The advantages of this 
method are obvious, as the indicator can be placed at 
any convenient point, and the water, by its inertia, 
tends to retain the pencil in a position corresponding 
to the mean force. 

The experimental van was fitted with four dyna- 
mometers, Nos. 1, 2, 3, 4. Nos. 1 and 2 measure 
the retarding force which the friction on the 
brake-blocks exerts on the wheels ; No. 3, the 
force with which the blocks press against the 
wheels ; No. 4, the force required to drag the van. 
A self-recording speed-indicator, designed by Mr. 
Westinghouse, and two of Mr. Stroudley's speed- 
indicators were employed. Of the latter, one was 
attached to the axle of the braked wheels, the other to 
the axle which was running free. The difference of 
these indicators proved whether slipping took place. 

There was also a Bourdon gauge attached to the 
small dynamometer, having the face divided in such a 
way that the hand indicated the speed in miles per 
hour. The indicators were all placed on a table in the 
centre of the van, and the drums were made to revolve 
by the cords being wound upon pulleys on a shaft, 
which was turned at a uniform rate by a water-clock. 
This clock merely consists of a plimger sliding in a 
cylinder through a water-tight packing, and loaded with 
a heavy weight. It was wound up by connecting it 
with the accumulator, and at the beginning of each 
experiment a small cock was opened, which allowed the 
water to run out and the weight to fall, which thus 
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turned the indicator at an ascertained uniform speed. 
Thus, the ordinates of the diagram taken from these 
indicators, show the yarious forces, and the abscissad 
the distance moved through by the van. 

Numerous diagrams were taken by the apparatus, 
which have been very carefully reduced by Captain 
Gkdton. Nine of these are represented at pages 200, 
201. The line a indicates the average trangential strain, 
recorded by indicators 1 and 2 ; the line b represents 
the brake-block pressure recorded by indicator No. 3 ; 
the line c the speed of the pair of wheels to which 
blocks were applied, recorded by indicator No. 6 ; the 
line d the speed of train indicator No. 6 ; the line d, the 
traction on the draw-bar recorded by indicator No. 4. 

Diagram No. 1. — In this case, the velocity remained 
nearly constant, varying from 41 miles per hour at the 
beginning to 40 miles per hour at the end. The air 
was allowed to escape from the brake-cylinder through 
the small aperture, and thus the pressure between the 
blocks and the wheel was diminished. The diagram 
shows that the friction between the brake-blocks 
diminished more rapidly than the pressure. The speed 
indicated by the rotation of the wheels to which brakes 
were applied was the same as that of the wheels 
running free. 

Diagram No. 2. — ^This diagram was taken when the 
van was moving at a speed of 25 miles an hour. By 
the application of the brake the speed was slackened 
to 20 miles an hour in 10 seconds, when the wheel 
skidded, and the experiment closed in 22 seconds, 
when the speed had been reduced to 17 miles per hour. 
In this case, the diagram shows no diminution in the 
rotation of the axle until skidding took place. The 
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velocity of the train was reduced from 25 to 20 miles 
in 10 seconds, when skidding took place, after which it 
took 11 seconds to reduce the speed from 20 to 17 
miles an hour. Observe the reduction of speed before 
and after skidding. 

Diagram No. 3. — ^In this experiment, the velocity 
was 21 miles an hour when the brakes were applied to 
the wheels ; the speed was reduced by the action of the 
brakes to 18 miles, when the wheels skidded. This 
diagram shows that the co-efficient of friction between 
the brake-block and the wheel gradually increased as 
the speed diminished until the skidding point was 
reached, and that the tractive force exerted on the 
draw-bar was suddenly greatly diminished when 
skidding took place. Observe the pull on the draw- 
bar before and after skidding. 

Diagram No, 4. — In this case the van was detached 
from the engine by means of a slip-coupling, when 
travelling at a speed of 40 miles an hour. The pres- 
sure of air in the brake-cylinder, and consequently the 
pressure on the brake-blocks and wheels, remained con- 
stant during the experiment. The pressure being 
greater than that required by the co-efficient of friction 
between the brake-blocks and wheels, due to the 
velocity, the friction increased rapidly and caused the 
wheels to skid immediately. The friction at once de- 
creased, but rose again as the speed diminished, and 
attained its maximum when the train came to rest. 
Observe the amount of friction or holding-in power at 
diflferent speeds. The diagram shows that during the 
moment of skidding the retarding force increased to an 
amount much beyond that which prevailed before skid- 
ding took place, but immediately after the act of 
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skidding is complete, tliis pressure falls down again to 
much below what it was before skidding. 

Diagram No. 5. — In this case, also, the van was 
detached from the engine by means of a slip-coupling 
when travelling at a speed of 46 miles an hour. The 
pressure of air, or, what is the same, the force against the 
wheel, was gradually diminished. At first the friction 
between the brake-blocks and wheels gradually 
diminished, but as the speed diminished the Motion 
increased, and brought the van to rest in 12 seconds. 
Observe the van, in experiment No. 4, was brought 
to a stand in 12^ seconds from 40 miles an hour ; but, 
in No. 5 trial, the same van with the same weight, 
and on the same gradient, was brought to rest from 
45 miles an hour in 12 seconds. 

Diagram No. 6. — In this experiment, the velocity 
was uniform at 44|^ miles an hour. The force skidded 
the wheels at once. The diagram shows that the co- 
efficient of friction between the brake-block and wheels 
decreased at once when skidding commenced, and rose 
at the end of the trial. The tractive force — that is, 
the pull or force to draw the van— decreased also when 
skidding commenced. 

Diagram No. 7. — In this trial, the speed was 
45 miles an hour at the beginning, and was reduced 
to 42^ miles at the termination of the experiment. 
The force applied to the wheels was not sufficient to 
skid them, and the wheels with brakes and those with- 
out brakes, as shown by Mr. Stroudley's indicators, 
revolved at the same rate. The tractive-force on the 
draw-bar, as shown on this diagram, follows a uniform 
line. Observe in Diagram No. 6, the force applied to 
the skidded wheels was much greater than that applied 
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in trial No. 7 ; but the puUing-up power was much 
superior with the lesser force (No. 7), which did not 
skid the wheels. 

Diagram No. 8. — ^In this experiment, the van and the 
engine were brought to rest by means of the brake 
from a speed of 40 miles an hour. The force applied 
to the wheels skidded them at once. The retarding 
force rose rapidly at the moment of skidding, and 
then fell. The diagram shows an increase in the co- 
efficient of friction as the force is applied to the wheels 
and the speed is reduced. Observe, the friction in- 
creased as the speed decreased. 

Diagram No. 9. — In this experiment, the van and 
engine were brought to rest from a speed of 
39 miles an hour. The pressure or force against the 
wheels was gradually diminished, and the diagram 
shows this : — When the reduction of speed was lowered 
to the point where the increase in the co-efficient of 
friction was sufficient to overcome the effect of the 
diminished speed, the retarding power of the brake was 
increased and the wheels were skidded. At the 
moment of skidding the curve rose in a nearly vertical 
line, thus proving that the co-efficient of friction became 
very great as the wheel came to rest. Immediately 
after this rise, the curve fell to a point far below its 
original position, thus showing a great diminution in 
the retarding effect of the brake. After this point, the 
curve rose again while the speed continued to decrease^ 
and again showed that the co-efficient of friction be- 
tween the rails and the wheels when skidded, increased 
as the speed decreased. At the moment when the van 
came to rest, the co-efficient of friction became very great. 

We have, therefore, only to deal with two different 
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kinds of retardation: — ^Friction between the brake- 
block and the wheel ; and the friction between the rail 
and the wheel. The former is represented by the force 
applied to the wheels whilst they continue to revolve ; 
the latter is represented by the friction between the 
rail and the wheel when the wheel skids. We 
have then to find the co-eflBlcient of friction for each 
case. The co-efficient of friction is a certain fraction 
which, when multiplied by the normal pressure, gives 
the friction. 

To solve these questions. Captain Galton first ob- 
tained the co-efficient of friction between the brake- 
blocks and the wheels; secondly, the co-efficient of 
friction between the wheels and the rails. 

Co-efficient of Friction between the Brake-blocks and the 
Wheels. — ^It was found that, in proportion as the pressure 
was increased or diminished, so was the actual friction 
increased or diminished, and when the pressure against 
the wheel exceeded the adhesion between the wheel 
and the rail, added to the force applied to stop the 
wheel, skidding commenced. As far as could be 
judged from the experiments, it would appear that 
whether the speed be high or low, nearly the same 
amount of fractional resistance is required to produce 
skidding. In one experiment, where the velocity was 
60 miles an hour, the amount of actual frictional 
resistance which stopped the wheels was about 
2,000 lbs., showing an adhesion of 191. In another 
trial, the speed was 15 miles an hour, and the amount 
of friction was about 2,160 lbs., exhibiting an adhe- 
sion of about 196, and, therefore, the point at 
which the wheel stops does not vary with the mo- 
mentum of the wheel, but depends entirely upon the 
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adhesion between the rail and the wheel. Whether 
the velocity be high or low, the instant or period when 
the wheel stops and slides, depends upon the force 
applied to the wheels, the weight upon the wheels, and 
the state of the rails ; and, therefore, with the same 
weight of train, the same condition of rails, the same 
amount of brake-friction will stop the wheel at the 
skidding-point, whatever be the speed. 

At a speed of 16 miles an hour, a pressure of 8,169 lbs. 
applied to the wheels produced a friction of 1,560 lbs. ; 
and at 60 miles an hour a pressure of 13,900 lbs. 
produced a friction of 1,400 lbs. 

It will, therefore, be obvious that it is a diflGlcult 
matter to find the co-eflGlcient of friction which obtains 
at difierent speeds, owing to the time during which the 
pressure is continued to be applied affecting so largely 
the quantity of friction produced. In an experi- 
ment made with a speed of 55 miles, falling to about 
53 miles an hour, a pressure of 35,000 lbs. at the com- 
mencement of the trial produced a frictional resistance 
of 2,040 lbs. ; whilst, after 10 seconds, the quantity of 
frictional resistance had diminished to 1,400 lbs., 
although the pressure maintained was the same. 
Again, at a speed of 30 miles an hour, a pressure of 
12,000 lbs. produced at first a frictional resistance 
equivalent to 1,860 lbs . ; but, after 10 seconds, this 
amount had fallen to 1,260 lbs., although the pressure 
had been raised to 13,440 lbs. It thus appears that 
the amount of friction is greatly diminished as the 
surfaces continue in contact. The annexed Table gives 
a fair approximation to the co-efficient of friction at 
different speeds, between cast-iron brake-blocks and 
steel tyres. 
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00-B7FICIBNT8 OP FrICTIOV. (CaPTAIN GaLTON.) 



Cast-ixon Blocks on Steel 
Tyres. 


Feet per 
second. 


MHesper 
hour. 


At com- 
menoe- 
ment of 


to a 

II 


o^ 


^-t 


^4 


ment. 


Just before coming to rest 


It03 


lto2 


•250 










When moving at 


10 


d\ 


•242 










»* >f )t 


20 


•213 


•193 








*i 1 




25 


17 


•205 


•157 




•110 




i» 




30 


20} 


•182 


•162 


•133 


•116 


•099 






40 


27i 


•171 


•130 


•119 


•081 


•072 


•» 




45 
50 


30f 
34 


•163 
•153 


•107 


•099 






*f > 




55 


37i 


•152 


•096 


•083 


•069 




jt > 




60 


m 


•144 


•093 








it t 




70 


47* 


•132 


•080 


•070 






»t > 




80 


54} 


•106 






•045 




»» > 




88 


60 


•072 


•063 


•058 







The Table clearly shows the decrease in the co-eflBcient 
of friction dependent on speed, and also the decrease due 
to the time during which the surfaces were in contact. 

A number of experiments were made near Glynde 
with wrought-iron brake-blocks ; but it was evident they 
were unsuitable, for the jerks produced when they were 
in contact with the wheels was enough to shake a train 
to pieces in very little time. So far as the co-efficient 
is concerned, the result is given in the annexed Table. 

Fbicttion op WaouGHT-moN Blocks. 



Velocity. 


Go-efficient of friction between 

Wrought-iron Blocks and Steel 

Tyres. 


Feet per 
second. 


Miles per 
hour. 


At commence- 
ment 
to 3 seconds. 


At from 

5to7 

seconds. 


At from 
12 to 16 
seconds. 


70 
45 
26 


48 
31 
18 


•110 
•129 
•170 


11 


•099 
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The Effect of Sand. — The presence of sand on the rail 
largely increased the adhesion both of the blocks and 
the rails. In the case of wet and greasy rails, sand 
makes the adhesion about equal to that of a dry rail. 

Co-efficient of Friction between the Wheel and the Bail — 
When the rotation of the wheel has been stopped by 
the pressure of the brake-blocks, and the wheel slides 
on the rail, the retardation of the carriage arises from 
the friction between the wheel and the rail. 

The friction is measured by the force which is exerted 
in holding the wheel in its fixed position, or by the 
force required to draw the skidded wheel along the rail 
over and above that required when the wheel rotates 
freely, and the experiments showed that these forces 
were practically the same in amount. The co-efficients 
of friction are given in the annexed Table. 



FsionoN 


BBTWBBX WhBHL IND B^IL. 


A-pproxiinftto Spood* 




Peet i)er Beoond. 


Miles per hour. 


steel Tyre on 
Steel Bails. 


Steel Tyre on 
Iron Kails. 


Just cominff to rest. 




•242 


•247 


10 


7 


•088 


•095 


20 


13 


•072 


•073 


40 


27? 


•070 




60 


34 


•066 


•070 


60 


40t 


•057 




70 


fill 


•040 


•060 


80 


64i 


•038 




88 


60 


•027 





It will be seen there is greater friction on iron rails 
compared with steel rails^ which is exactly what may 
have been expected. It should be clearly understood 
that friction can only take place between rough sur- 
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faces, and we know that a smootli surface of steel is, when 
planed or turned by the same tool^ and at the same 
speed, smoother than an iron surface. Steel is denser 
than iron, and the atoms lie closer together ; besides, 
steel is harder than iron, and so there is not the same 
facility for interlocking between steel and steel, as 
there is between iron and steel. In view of this cir- 
cumstance, it is better both for stopping and starting 
to lay down iron rails in terminal or large central 
stations. 

The diminution, as may be seen from the Table, in 
the co-efficient of friction arising from the time during 
which the surfaces were in contact, is not so marked in 
the case of the wheel sliding on the rail as in that of 
the wheel revolving against the brake-blocks. 

The inference to be drawn from the results which 
have been obtained as to the low co-efficient of friction 
when a wheel skids is that where a rapid stop is re- 
quired, the wheels should revolve, the force against 
them being less than what will actually skid them. 

The Effect of the Application of the Brakes upon the 
Draw-bars of a Train. — The application of the brakes 
causes an immediate strain upon the draw-bars and coup- 
lings. If the brake is applied so as not to stop the 
rotation of the wheel, the strain is uniform, and the 
difference between the tractive force or strain on the draw- 
bar, before and after the application of the brake, is equal 
to the friction between the brake-blocks and the wheel 
added to the tractive force due to the speed. If the 
force of the brakes skid the wheels, the strain on the 
draw-bar drops at once, and if the force is suddenly 
withdrawn, it occasions a sudden strain on the draw- 
bar, because the adhesion between the rail and the 
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whdel then comes into operation. In one experiment, 
out of a number of others, the friction between the 
brake-blocks and the wheel, which determined the point 
of skidding, was about 1,980 lbs., equivalent to *19 of 
the weight on the wheels. At the moment when the 
wheels were beginning to rotate, after the brake was 
taken off, a strain was brought on the draw-bar of &om 
1,900 to 2,000 lbs. in excess of the average strain due 
to pulling the train when no brake was on. 

Proportion which the Brake Force should hear to the 
Weight on the Wheels at Different Speeds. — It has been 
clearly proved from the experiments, which required 
no proving to practical railway men, that to skid a 
wheel tantamounts to bad braking, and therefore arises 
this question of proportion between force, weight, and 
speed. The higher the force applied to the wheels up 
to and not exceeding the skidding point, the greater is 
the stopping power. Now, it is obvious, this force 
must vary, both with the speed and the weight of 
a train. At present there are no means of letting 
drivers know on their engines what the weight of the 
train is, but the speed is in many instances known. 

Proportion of Brake Pressure to Weight. 



Speed. 


Approximate Ratio of Total pressure on Brake-blooks 
to Total Weight on Braked Wheels. 


Feet per 
second. 


MUesper 
hour. 


Co-effident 

of Adhesion 

0-30. 


Co-efficient 

of Adhesion 

0-25. 


Co- efficient 

of Adhesion 

0-20. 


of Adhesion 
016 


11 
22 
29 
44 
59 
74 
88 


20 
30 
40 
60 
60 


1-20 
1-41 
1-64 
1-83 
207 
2-48 
414 


1-04 
1-18 
1-37 
1-63 
1-73 
2-07 
3-47 


0-83 
0-94 
109 
1-22 
1-38 
1*65 
2-77 


0-60 
0-70 
0-82 
0-92 
104 
1*24 
2-08 
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Fiom the experimentSy Captaiii Galton gives appr&xi- 
mately the proportions which the pressure should bear 
to the weight upon the wheels to which the brakes are 
appUedy with co-efficient of adhesion between the wheel 
and the rail, varying from '30 to '15 of the weight on 
the wheels. See the tabular statement, page 209. 

It will be seen that when the adhesion equals '30 of 
the weight, a pressure equal to 1*2 of the weight would 
skid the wheels at 7^ miles an hour, while a pressure 
equal to 4*14 times the weight would be required to do 
so at 60 miles an hour. Again, if the adhesion is only 
-15, the force necessary to skid the wheel would be 
only '60 of the weight at 7 J miles per hour, and 2*08 
of the weight at 60 miles an hour. 

Effect of the Time expended in bringing the Pressure 
to bear on the Wheek. — From a number of experiments 
made with the same object, it was found that the ques- 
tion of time was a most important factor. It was 
abundantly clear that the rapidity of the stop depended 
upon the quickness of the brake — while the speed is 
high — a second lost at 60 miles an hour means that the 
train ran — say into danger — 88 feet without any effort 
beiQg made to stop it ; at 20 miles an hour it would 
only run 29 feet per second. For instance, a brake 
which reduces the speed from 60 miles an hour to 20 
miles an hour in 6 seconds, has a great advantage as 
regards safety over a brake which would only reduce 
the speed from 60 miles an hour to 40 miles an hour in 
the same time. 
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III.— REPORT BY CAPTAIN GALTON ON BRAKE EX- 
PERIMENTS, MADE AT GISBURN ON THE LANCA- 
SHIRE AND YORKSHIRE RAILWAY. 

The trains consisted of: — 

1st. One train fitted with the Eames Brake. 
2nd. Two trains fitted with the Westinghouse 

Brake. 
3rd, One train fitted with the Sanders Brake. 
4th. One train fitted with the Fay and Newall 
Brake. 
The trains fitted with the Eames and Sanders Brakes, 
and one Westinghouse train, had been working on the 
Lancashire and Yorkshire Railway, and one Westing- 
house train had been working on the Gfxeat Northern 
Railway. 

The relative weights are shown in the following 
Table:— 



Description of Brake. 


VehicleB. 


Weights of 
Vehicles. 


Braked 
Weights. 


EAMES TRAIN . 


Engine and Tender 

Train 

Experimental Van . 

Total . . 


TonsCwtQrs. 

62 7 

72 18 3 

9 12 


Tons Cwt. Qrs. 
40 16 
72 18 3 




134 17 3 


113 13 3 


SANDERS TRAIN 


Engine 

Train 

Experimental Van . 

Total . . ^ 


40 

72 2 2 

9 12 


31 15 
72 2 2 




121 14 2 


103 17 2 


WESTINGHOUSE 
(Grkat Nobthbbn 
Train) 


Engine and Tender 

Train 

Experimental Van . 

Total . . 


67 10 1 

76 13 1 

9 12 


49 3 
69 2 




142 16 2 


118 6 
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Description of Brake. 


Vehicles. 


Weights of 
Vehicles. 


Braked 
Weights. 


WESTINGH0TT8E 
(Lancashibb and 
YoRKSHiRB Train) 


Engine 

Train 

Experimental Van . 

Total . . 


Tons Cwt. Qrs. 
44 
88 5 
9 12 


Tons Cwt. Qrs. 
27 
59 17 1 




141 17 


86 17 1 


FAY TEAIN . . . 


Engine and Tender 

Train 

Experimental Van . 

Total . . 


53 8 

71 14 1 

9 12 


42 6 
71 14 1 




134 12 1 


113 19 1 



The following Table, A, shows the results obtained : 
Column No. 9 shows the various results worked out to 
50 miles per hour on a level, and with the allowance 
made for thedifferent percentages of the braked to theun- 
braked portion of the train ; allowance also being made 
for the rotating momentum of the unbraked wheels in 
the train (but not those on the engine) which is estimated 
as an additional unbraked weight of 8 cwt, for each pair 
of wheels, — an estimate a little under the true amount. 

The percentages thus obtained are as follows : — 



BBAKE. 



Eames. . . . 
Sanders , . . 

Wbstinghousb \ 

G.N. ) 

Wbstinohousb \ 

L. & Y. / 

Fat .... 



•2 

S 2 



f 



84-2 
85-3 

82-8 

61-2 

84-6 
63-2 






88-9 
88-2 

80-1 

62-3 




0-6 
0-55 

0-94 

2-5 

0-5 



0-81 
0-82 

1-6 

3-7 



■f o'B 
iS'g d 

83-7 
84-8 

81-9 

52-7 

52-7 



88-1 
87-4 

78-5 

58-6 



II 
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P '{? 

From the formula — — = f x rf, in which p is the 
2^ 

weight of the train, t? the speed in feet per second, F 

the average retarding force, d the distance in which 

the train is stopped ; the retardation in percentage of 

the weight of the train is equal to the constant 3*34 

multiplied by the square of the speed in miles per 

hour, divided by the distance of the stop in feet. 

The influence of a gradient in percentage of retarda- 
tion is equal to the fall or rise per hundred units of 
distance. Thus the gradient of yiir gives a retardation 
or acceleration of 1 per cent. 

The percentages of retardation were corrected in the 
inverse ratio of the braked weight of the train. 

The Eames train was taken as a standard. The per- 
centage of the braked weight of that train was 83-7 per 
cent, of the total weight of the train with the engine, 
and 88*1 of the weight of the detached portion of the 
train during the slip stops. 

The equivalent distance at 50 miles per hour on a 
level is obtained by dividing the constant (8353) by 
the corrected percentage of retardation. 
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The di£Eerences in the brake power on the yarious 
engines are shown by the following comparison between 
quick stops with the engine, and the stops of the 
detached carriages when the trains were slipped. 

The stops averaged at 50 miles per hour are as 
follows : — 



EAMES 

SANDERS 

WESTINGHOUSE \ 

(Gbbat Northebn Tbain) . . ) 
WESTINGHOUSE. \ 

(Lamcashirb and Tobkshike 
Train). Train accidentally broken I 
in two by failure of slip coupling ^ 
after the brake was applied from 
engine 



Slip Stops with- 
out Emgine. 



764 feet. 
722 „ 

441 „ 



Quick Stops with 
Engine. 



752 feet. 
891 „ 

727 „ 



716 „ 



The slip stops, as compared with the other stops, 
indicated that, in the case of the Eames train, the 
engine was quite as well braked as the train ; whilst 
with the Sanders and the Lancashire and Yorkshire 
Westinghouse train, there was not as much power on 
the engines as on the trains. In the case of the Great 
Northern train, there was apparently a great deficiency 
in the brake power applied to the engine and tender, 
as shown by the great difference between the ordinary 
stops and the slip stops. 



IV.— TRIALS ON THE NORTH BRITISH RAILWAY. 

In December, 1876, a series of trials were carried out 
between the automatic and the vacuimi brakes. The 
vacuum-brake, it may be remarked, is worked in Europe 
by an independent company, although in the United 



1 





















BRITISH RAILWAY. 




W?A. 


s\ 
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States it is the property of the Westinghouse Com- 
pany. 

General Fabticvlabs of. Enoine fob each Tbain. 

ft. in. 
Number of coupled wheels .... 4 

Diameter of wheels 6 6 

Distance between coupled wheels .77 

Distance from centre of driving wheels to centre 

of bogie-pin 9 8j 

Number of wheels in bogie ... 4 
Diameter „ , 2 9 

tons cwt. 

Weight on driving wheels 24 9 

„ bogie . . . . . 13 11 

Total . . . 38 

Position of cylinders Inside 



Diameter „ 

Stroke „ 

Seating Surface : 



in. 
17 
24 



aq. ft. 



208 tubes If in. in diameter 894 

Firebox 87 

Total 981 

Grate area 15.75 

LiADiNO Pabticulabs OF Tbain fitted with Smith Vacuxjic- 
Bbake. 

JTeiffht of Train. 



Sngine. 


Tender. 


Carriages 


Vans. 


Passengers. 


TotaL 


tona. 
38 


tons cwt. 
21 10 


tons vYi\J 
76 8 


toms cwt. 
36 2 


tons. 
2 


tons. 
173 


Number of Wheels, 


8 


6 


32 


16 


62 


Number of Brake- Bheks. 


4 


6 


32 1 12 


•• 


54 
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Kumber of iron blocks . 
„ wooden blocks 



tons owt. 
42 Weight of engine nnbiaked 13 11 
12 „ tzun „ 9 14 

Total weight nnbiaked 23 5 

Proportion of weight braked to nnbraked, 149.76 : 23.26 ; 
or ^rtion braked = 86.66 per cent of total weight of 
train. 

Lbadino Pabticulabs of Train fittbd witb Wbstinohousb 
Avtomatio-Baaxb. 

JTeiffht of Train, 



Engine. 


Tender. 


Gairiages. 


Vans. 


Paesengera. 


TotaL 


tons. 
38 


tona cwt. 
21 10 


tons owt. 
86 2 


tons owt. 
19 18 


tons. 
2 


tons cwt. 
166 10 


- Number of Wheels, 


8 


6 


36 8 


•■ 


58 


Number of Brake-Blocks, 


4 


6 


36 


4 


•• 


50 



All brake blocks of iron. 



tons cwt. 

Weight of engine nnbraked 13 11 
M tnun „ 9 14 



Total 23 6 



Proportion of weight braked to nnbraked, 143.26: 23.26 ; 
or portion braked = 86.02 per cent of total weight of 
train. 

Notes to Table op Continuous-Brake Trials. 



No, 2. Smithes Vacuum-Brake, 

lbs. 
Boiler preesore on applica- 
tion of ejector . . . 138 
Boiler pressure when ejector 

was shut off .... 138 
Vacuum . 17 in. 



No. 3. Westinghouse Automatic^ 
Brake, lbs. 



Pressure in air reservoir 



86 
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No. 6. 8mith*8 Vamum-Brake, 
lbs. 
Boiler pressure on applica- 
tion of ejector . . . 144 
Boiler pressure when ejector 

was shut off .... 143 
Vacuum . 18 in. 



No, 6, Weatinff house Automatie- 
Brake. Ihs. 



Pressure in air reservoir 



85 



No. 6. Smith* 8 Vacuum-Brake. 
lbs. 
Boiler pressure on applica- 
tion of ejector . . .. 144 
Boiler pressure when ejector 

was shut off ... . 144 
Vacuum . 18 in. 

No. 14. Smithes Vacuum-Brake, 
lbs. 
Boiler pressure on applica- 
tion of ejector . . . 144 
Boiler pressure when ejector 

was shut off ... . 148 
Vacuum . 19^ in. 

No. Id. SmitKe Vacuum-Brake, 
lbs. 
Boiler pressure on applica- 
tion of ejector . . . 140 
Boiler pressure when ejector 

was shut off .... 137 
Vacuum . 17 in. 



No. 4. Wetting house Automatic- 
Brake, lbs. 



Pressure in air reservoir 



90 



No, 4. JVestififfhouse Automatic- 
Brake, lbs. 



Pressure in air reservoir 



90 



No, 6. Weetinghouee Automatic- 
Brake, lbs. 



Pressure in air reservoir 



90 



No, 7. Smith*8 Vacuum-Brake. 
lbs. 
Boiler pressure on applica- 
tion of ejector ... 124 
Boiler pressure when ejector 

was shut off .... 122 
Vacuum . 19J in. 

No. 9. Smith*8 Vacuum-Brake. 

lbs. 
Boiler pressure on applica- 
tion of ejector . . . 144 
Boiler pressure when ejector 

was shut off .... 148 
Vacuum . 19| in. 



No, 6. Weetinghouee Automatic- 
Brake, lbs. 



Pressure in air reservoir 



90 



No, 7. Weetinghouee Automatic" 
Brake. lbs. 



Pressure in air reservoir 



101 
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iVb. 12. 8mith*8 Vacuum-Brake. 

lbs. 
Boiler pressure on applica* 

tion of ejector . . . 144 
Boiler pressure when ejector 

was shut off .... 142 
Vacuum . 18 in. 

No. 11. Smithes Vacuum-Brake. 

lbs. 
Boiler pressure on applica- 
tion of ejector . . . 108 
Boiler pressure when ejector 

was shut off ... . 108 
Vacuum . 20 in. 

No. 13. Weetinghouee AutomafxC" 

Brake. lbs. 

Pressure in air reservoir . 95 

Note. — This stop was made from 
the Experimental Van against en- 
gine working with usiml degree 
of expansion. 



No. 12. JVestinghoute Automatic- 
Brake. lbs. 



Pressure in air reservoir 



97i 



No. 10. Weetingkotue Automatic- 
Brake, lbs. 

Pressure in air reservoir 94 



No. 14. TVestinghouae Automatic- 
Brake, lbs. 

Pressure in air reservoir . 90 
Note. — This stop was made from 
gine working under fuU steam. 



v.— REPORT BY MR. T. E. HARRISON, TO THE NORTH- 
EASTERN RAILWAY COMPANY, ON THE WEST* 
INGHOUSE AUTOMATICBRAKE. 



To THE Directors of the North-Eastern 
Railway Company. 

Neweattle-on-TynCj 24<A April, 1879. 

Gentlemen, — 
In the early part of 1878, 1 explained to you my 
views as to the different continuous-brakes then in use, 
and recommended you to adopt the Westinghouse- 
Automatic Pressure Brake as the brake of your sys- 
tem, a recommendation which you afterwards adopted, 
subject to the necessary user of Smith's Vacuum-Brake 
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for the through Scotch traffic, run in connection with 
the Great Northern Railway, so long as that Company 
continued to use that system. 

Since then I have continued to give constant atten- 
tion to the subject, and have had immediate reports 
made to me of every incident that has occurred in the 
practical use of this brake, with a view to see what 
weak points there were in it, and to consider the 
remedy to be adopted. 

I may state at once that these investigations have 
confirmed more strongly than ever the opinion I then 
gave you in favour of the Westinghouse Automatic 
Brake, for though in its principle no alterations have 
been made, or found necessary, many small and simple 
modifications have been made in details, which have 
greatly added to the uniformity and certainty of its 
action. 

I did not, at the time you decided on adopting this 
brake, press on you its immediate application to the 
whole of your trains, but only to some of your fast 
trains, to which it was of importance, as I was anxious 
to watch all defects, and have the necessary remedy 
supplied ; and I may state that as they have from time 
to time been poiated out to Mr. Westinghouse, he has 
in every case, if he had not anticipated the suggestions, 
been able without difficulty to supply a complete 
remedy. 

The Westinghouse Automatic Brake continues still 
in use in America, and has proved itself to be well 
suited to that particular traffic, and has required little 
or no modification, but when applied to railways in 
England, the circumstances were so different that 
many alterations were necessary in the details. 
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Looking at the oontinuous-brake system as a novel 
invention, whether vacuum or pressure, it must be 
obvious to any one acquainted with such inventions, 
that perfection could not be expected at once, and the 
Westinghouse automatic system has been no exception 
to this rule, and I purpose briefly to call your attention 
to some of the most important modifications which have 
been introduced by Mr. Westinghouse since the brake 
trials at Newark in 1876, some of these being of a 
recent date. 

Triple- Valve. — ^As the most important, I will par- 
ticularly draw your attention to the " triple- valve,'* 
which has been made a regular bugbear by the oppo- 
nents of the system, and has been called complicated, 
deUcate, and liable to get out of order, &c. The ori- 
ginal "triple- valve*' used at the "Newark experiments," 
a drawing of which I have now before me, has three 
distinct valves, and hence its name "triple-valve," and 
it might, in its original construction, have to some 
extent deserved the term complicated, but the valve, 
as altered shortly after the Newark trials, and as now 
constructed, differs so entirely from the original valve, 
that although I think it desirable to continue the term 
" triple- valve," its present construction would not have 
suggested or justified that term; it is, in fact, as 
simple a piece of mechanism as well can be imagined, 
certain in its action, of durable materials, easily acces- 
sible to an ordinary workman for examination or clean- 
ing, and there is nothing about it that can justify the 
term complication ; on the contrary, it is a model of 
ingenuity and simplicity. 

Leakage- Valve. — In order to prevent the possibility 
of the biiakes going on by a leakage from the reservoir 
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on the carriage to the brake-cylinder, Mr. Westing- 
house introduced a "leakage- valve*' between the triple- 
valve and the brake-cylinder, but this has siuce been 
done away with by the simple expedient of cutting a 
short groove at the inner end of the brake-cylinder, so 
as to allow an escape of air under the piston when in a 
state of rest. 

Hose- Couplings. — A great improvement has been 
made in the couplings of the carriages. There used to 
be a cock at each end of each carriage, and before re- 
moving a carriage from a train it was necessary to turn 
four cocks to completely shut off communication, and 
cases have occurred where, from carelessness, a cock 
has not been reopened, and thus the air-pressure was 
shut off from the hinder portion of the train. To meet 
this, Mr. Westinghouse has introduced valves into 
the couplings, and the mere act of disconnecting closes 
the valves and retains the air, and the act of reuniting 
the couplings opens the valves and makes again a free 
passage for the air through the main pipes. 

By this arrangement two cocks on each carriage are 
dispensed with, and the leakage-valve being superseded 
as above-mentioned, there only now remain on each 
carriage two |-inch cocks of the simplest construction, 
one to be used when it may be necessary to shut off 
the brake-action on any particular carriage, the other 
in the same case to let the air out of the brake- 
cylinder. 

Tke Driver's Brake- Valve. — The driver's brake- 
valve gives the engineman the means of applying the 
brake with any degree of power, and retains in the 
main reservoir a poressure equal to 20 pounds per square 
inch above the ordinary pressure in the brake pipes. 
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and this extra pressure is at the command of the driver 
at any time, and enables him more rapidly to release 
the brake-blocks and re-charge the main pipes and the 
carriage-reservoirs. 

Automatic Regulation for Donkey-Pump. — ^Another 
important point is the introduction, on the donkey- 
engine, of an automatic regulator for the donkey-pump, 
which has a connection with the main pipes, and is so 
adjusted that whenever the pressure in the main pipes 
falls below a fixed standard, which may be varied to 
any extent to suit the nature and circumstances of the 
train, the donkey-engine is set to work, and this will 
ensure a sufficiently constant uniformity of pressure in 
the main pipes, a point of very great importance. 

There are other minor improvements, such as weld- 
ing all the reservoirs instead of riveting them, but 
they are not of sufficient importance to demand separate 
notice. 

It may here be remarked that there is no difficulty 
in arranging an automatic pressure-brake to act without 
valves, but all such brakes must of necessity have one 
inherent and fatal disadvantage of slow action ; and 
when rapidity of application of the brakes is measured 
by one, two, or three seconds in time, representing in 
some cases 30 to 100 yards of difference in stopping 
distance, the objection is fatal. 

I have had carriages so fitted up, and tried them 
mixed up with carriages fitted with the Westinghouse 
Brake, and the difference in time in applying and re-* 
leasing the brakes is so marked that they could not be 
worked together, though alone they worked quite well. 

I have, therefore, arrived at the conclusion that no 
pressure-brake, which has not a valve which will pro- 
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duce the same effect as the Westinghouse triple- valve, 
can be used as a general brake, and it will be found 
very difficult to find anything more simple and reliable 
in its action than that valve as now constructed. 

It is hardly necessary for me to repeat to you what I 
have frequently said, viz. that I entirely agree with the 
Board of Trade in the conditions they have laid down 
as being necessary to constitute a good continuous 
brake, all of which the Westinghouse Brake complies 
with. 

I have heard it constantly stated that the vacuum- 
brake is cheaper than the Westinghouse Brake, both in 
first cost and to maintain. I have lately had the 
brake-gear of a similar carriage fitted with the vacuimi 
and Westinghouse Brakes as now in use on your 
railway, taken to pieces and accurately weighed, and 
also a complete set of each made in the shops, and 
taking into account the amount paid in each case to the 
respective patentees for what they supply, the first cost 
is decidedly in favour of the Westinghouse, and the 
weight of wrought and cast-iron necessary for the brake- 
gear is 10 cwt. per carriage heavier in the case of the 
vacuimi than in the Westinghouse. 

Should it be decided to adopt a vacuum automatic 
Brake there must be some considerable additions both 
to the first cost and maintenance. 

As to the annual cost of maintenance, there being no 
strictly so-called perishable material in the Westing- 
house Brake, except the couplings which are common to 
both systems, whereas in the vacuum-brake the sacks 
must always be liable to great wear and tear from their 
perishable nature, and the fact of the larger amount of 
brake-gear in the vacuum-brake to be maintained, I 

Q 
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have no doubt that the Westinghouse Brake will be 
more cheaply maintain^ than the yacuum, and all the 
information I have got confirms this view. 

I have thought it desirable to lay this report before 
yon, having taken the responsibility of recommending 
you to adopt the Westinghouse Automatic Brake as the 
brake of your system, and every day's experience 
further confirms my views, and I am confident that 
there is no brake which will beat it in stopping power, 
in economy of first cost and maintenance, or in cer- 
tainty of action. 

I remain, &c., 
(Signed) Thos. E. Harrison. 

The Directors of the 
North-Eastem Bailway Company. 



INDEX. 



AIR-PRESSTJBE versus 
vacuum in brakes, 184. 
Aspinall's automatic vacuum- 
brake, 93. 
Automatic action, 24, 184. 

TDARKBR'S hydraulic conti- 
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See Table, 164. 
Clark's hydraulic-brake. See 

Table, 164. 
Clayton's brake, 142, 184. 
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London and Brighton Railway, 

196; diagrams, 198. 
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164. 
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ments with, by Captain Galton, 
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North-Eastern Eailway Com- 
pany on the Westinghouse au- 
tomatic-brake, 187, 220. 

KIBWORTH, accident at, 
185-6. 
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on, by Captain Galton, 211; 

table of results, 214. 
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London and Brighton Railway, 
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on, 19S. 
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164, 195. 
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-^ *' of frictioD between, 207 ; 

iron rails versus steel rails, 207. 

SAND, effect of, on friction 
between wheels and rails, 207. 

Sander's vacuum continuous- 
brake, 132, 183, 184; experi- 
ments with it by Captain Gal- 
ton on the Lancashire and 
Yorkshire Railway, 211. 

Smith's vacuum-brake, 42; see 
Table, 164 ; trials on the 
North British Railway, 216. ^ 

Speed-indicator, Westinghouse's, 
188 ; diagrams with it, 194. 

Steel and Mclnnes* compressed- 
air continuous-brake, 54; see 
Table, 164. 

Stepheoson's steam-brake, 14. 

WESTINGHOUSE auto- 
matic-brake, 146, 178 ; 
compared to Hardy's automatic 
vacuum-brake, 50, 181, 182; 
see Table, 164; compared to 
the Eames' brake, 180; supe- 
riority of the Westinghouse 
brake, 186; experiments with 
it by Captain Galton on the 
Lancashire and Yorkshire Rail- 
way, 211 ; trials on the North 
British Railway, 216; compa- 
rative trials with the Smith 
vacuum-brake, 216, 225 ; report 
of Mr. T. E. Harrison to the 
Directors of the North-Eastern 
Railway, 220. 

Westinghouse's speed-indicator, 
188. 

Wheels and brake-blocks, co-effi- 
cient of friction between, 204 ; 
east-iron blocks on steel tyres, 
206 ; wrought-iron blocks on 
steel tyres, 206 ; effect of sand, 
207. 
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LOCOMOTIVE-ENGINE DEIVim 

A PRACTICAL MANUAL 

FOE ENGINEERS IN CHARGE OP LOCOMOTIVE ENGINES. 

Fifth Editiofiy greatly Enlarged, 

COXPRZBIKO, BBSmSS OTHXB ADDinOirAL MATTKB, 

A KEY TO THE LOCOMOTIVE ENGINE. 

With numerous IllustrationSy and a Fortrait of the Author. 
Croum 8w, price 4«, 6d. cloth. 



SOMJE OFINIONiS OF TSE FJRJS8S. 

" Mr. Reynolds deserves the title of * TLe Engine-driver's Friend.* " — 
Railway News, 

"The Author is the first man in England to write a book which 
might be a Driver's Companion and Guide. He has supplied a want, 
and he has supplied it well." — Engineer. 

** Mr. Reynolds has opened a new chapter in the literature of the day. 
Of the practical utility of Mr. Reynolds's book we have to speak in terms 
of warm comm.en.da.tion." —Athenattm. 

** Eminently practical, being evidently the work of one who knows his 
subject thoroughly." — Railway Service Gazette. 

** Were the cautions and rules given in the book to become part and 
parcel of the every-day working of our engine-drivers, the dangers 
attending railway traveUing might be materially lessened, and we might 
have fewer distressing accidents to deplore." — Scotsman. 

** The work is well worthy of the perusal of all engaged in the profession 
of an eng^e-driver." — Doneaster Gazette. 

** As novel as it is aseful." — English Mechanic. 

** An entirely original book." — Birmingham Gazette. 

" Charles Dickens has drawn attention to some few of the many virtues 
of engine-drivers in his inimitable sketch of Mr. Toodles, the father of 
the dissolute Rob the Grinder. Dickens, however, had not sufficient 
acquaintance with the practical working of a railway, and with the 
dangers and diffi^culties to which an eng^e-driver is almost hourly 
exposed, to do more than suggest the good qualities that in Mr. Toodles 
shine conspicuously through his oily and dusty apparel, and betray them- 
selves under a huskiness of voice which he attributes to constant irritation 
from the ashes. A little volume by Mr. Mici&ael Reynolds will give the 
general reader — if he will take the trouble to grapple with the technical 
details of a practical manual for the use of working locomotive-drivers — 
some slisrht notion of what their dangers and difficulties really are." — 
Daily TcUgraph. 

CB06BY LOCKWOOD AND CO., 7, STATIONERS' HALL COUBT, £.0. 
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8TA TIONAR Y ENGINE-DRIVING : 

A Practical Manual for Engineers in charge of Sta- 
tionary Engines. With numerous Illustrations, and a 
Portrait of James Watt. Crown 8vo, price 4s. 6d., cloth. 

*' Mr. Reynolds showB in Ms manual an earnest and most praiseworthy 
desire to improve the status of stationary engine-drivers, and his efforts 
in this direction deserve every encouragement. . . . He is thoroughly 
acquainted with his suhjects, and his advice on the various points treated 
is clear and practical." — Engiiuering, 

" Our author leaves no stone unturned. He is determined that his 
readers shall not only know something about the stationary engine, but 
all about it. We can commend the work to shop apprentices.." — Engineer. 

** Mr. Beynolds's book proves that he is folly competent to instruct 
even trained men, and, where required, to teach those placed in charge 
of boilers and engines their business who have not yet mastered it. 
. , . We should like to see the book on the parlour table of every 
engineer and fireman in the kingdom." — Iron. 



THE MODEL LOCOMOTIVE EN- 

GINEER, FIREMAN, AND ENGINE-ROY. 

Including a Project for the Establishment of Certificates 
of Qualifications in the Running Service of Railways. 
Numerous Woodcuts and a Portrait of George Stephen- 
son. Crown 8vo, price 4s. 6d., cloth. 

" Mr. Eeynolds has evidently given much pains and thought to a matter 
of which he has practical experience. A volume the interest of which 
will not be confined to the class of men for whom it is speciaUy de- 
signed." — Saturday JReview, 

** Mr. Reynolds is most practical in his teaching, so that the youngest 
lad and the oldest workman may learn lessons from his book that will 
prove invaluable through life." — Daili/ Telegraph. 

'' We should be glad to see the little book in the possession of every one 
in the kingdom who has ever laid, or is to lay, hands on a locomotive 
engine." — Iron. 

** From the technical knowledge of the author it will appeal to the 
railway man of to-day more forcibly than anything written by Dr. 
Smiles." — English Mechanic . 



In the Fress, and will be isiued shortly. 

CONTINUOUS RAILWAY BRAKES: 

A Treatise on the several Systems in use in the United King- 
dom ; their Construction and Performance. With copious 
Illustrations and numerous Tables. By Michael Reynolds. 
Edited by D. K. Clabk, M.Inst.C.E. 
In preparation. 

THE ENGINEMA-IP8 COMPANION. 

A Practical Handbook arranged in a compact form for ready 
reference. 

CROSBY LOCKWOOD & CO., 7, STATIONEBS* HALL OOUBT, B.C. 



London, jfum^ 1882. 

% Catabpt ai §00ks 

INCLUDING MANY NEW AND STANDARD WORKS IN 

ENGINEERING, ARCHITECTURE, AGRICULTURE, 
MATHEMATICS, MECHANICS, SCIENCE, ETC. 

PUBLISHED BY 

CROSBY LOGKWOOE) & CO., 

7, STATIONERS'-HALL COURT, LUDGATE HILL. E.C. 



ENGINEERING, SURVEYING, ETC. 
Humbcf^s New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst 
C.E., and M. Inst M.K Illustrated yrith 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 paces of Text. Imp. 4to, 6/. 6x. elegantly 
and substantially half-botmd in morocco. 

LUi of Contents ;— 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns.— 
II. Water and the Foreign Matter usually 
associated with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water* 
bearing formations of various districts. — 
V. Measurement and Estimatidb of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII. Reservoirs.— IX. The Purification 
of Water.— X, Pumps. — XI. Pumping 



Machinery.— XII. Conduits.— XIII. Dis- 
tribution of Water.— XIV. Meters, Ser- ' 
vice Pipes, and House Fittings.— XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
—XVII. Description of Plates.— Appen- 
dices, giving Tables of Rates of Supply, 
Velocities, &c. &c., together with Spedfi- 
cations of sevoral Worlu illustrated, among 
which will be found :— Aberdeen, BidefonC 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



' The most systematic and valuable work upon water supply hitherto produced in 
English, or in any other language .... Mr. Humberts work is characterised idmofit 
throughout by an exhaustiveness much more distinctive c£ French and German than 
of English technical treatises."— .fnspn/rr. 

Humbef^s Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foimdations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, A. -M. Inst C. E., and M. Inst 
M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 
6/. i6j. 6d. half-bound in morocco. 
" A book— and particularly a large and costly treatise like Mr. Humber'sywhicb 

has reached its third edition may certainly be said to have established its own 

xe^XaJoovJ'—Engineering, 
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Humbers Modem Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Series. Comprising Civil, Mechanical, Marine, Hy- 
draalic, Railway, Bridge, and other Engineering Works, Ac. Bv 
William Humbsr, A.-M. lust. C.E., &c Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of Tobn 
Hawkshaw, C.E., F.R.S., &c., and descriptive Letter- press, Speci- 
fications, &c. 3/. 3r. half morocoa 

List of the Plates and Diagrams. 



Victoria Sution and Roof, L. B. & S. 
C. R. {8 plates) ; Soiithport Pier (3 plates): 
Victoria Sution and Roof, L. C & D. and 
G. W. R. (6 plates) ; Roof of Cremorne 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Rail (a 
' Handsomely lithographed and ^nted. 



plates) ; Bridge over the Thames, West 
London Extension Railway (^ ^^'^ ' ^^ 
mour Plates ; Sunaension Bridge, Thames 
(4 pbtes) : The Allen Eneine ; Suspension 
Bridge, Avon (3 plates); Underground 
Railway (3 plates). 
It will hnd favourwrith many who desiie 



to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many imoortant engineerine works." — Engineer, 
HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &&, and descriptive Letterpress, Specifications, 
&C. 3/. 3x. half morocco. 

List of the Plaits and Diagrams. 

Viaduct. Merthyr, Tredegar, and Aberga- 



Birkenhead Docks, Low Water Basin 
(15 plates) : Charing Cross Station Roof, 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way ; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; £bbw 
HUMBER'S RECORD OF MODERN 



venny Railway'; College Wood Viaduct* 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M "Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 31. half morocco. 

List of the Plates and Diagrams. 



Main Drainage, Mstropolis. 
North Side. — Map showing Intercepdon 
of Sewefs ; Middle Level Sewer (3 plates) ; 
Out&Il Sewer, Bridge over River Lea (q 
plates); Outfall Sewer. Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 
Railway (3 j^tes); Outfall Sewer, Bridge 
ov«r East London Waterworks* Feeder 
<3 plates); Outfall Sewer, Reservoir (3 
plates); Outfall Sewer, Tumbling Bay 
and Oudet; Outfall Sewer, Penstocks. 
South Side.—OwddlX Sewer, Bermondsey 



Branch (2 plates) ; Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist ; SecUons of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall; Steamboat Pier, Westminster 
(s plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Oudet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates) ; Junc- 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
, nite and Iron Forts. 
HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowlar« 
Esq., late Pres. Inst C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3j. half morocco. 

List of the Plates and Diagrams. 

Abbey Mills Pumping Station, Main 

Metropolis (4 plates) ; Barrow 



Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam*s Locomotive, St. Helen's Canal 
Railway (2 plates); Cannon Street Station 
Roof. Charmg Cross Railway (3 plates) ; 
Road Bridge over the River Moka (a 
plates)'. Telegraphic Apparatus for Meso- 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates) ; St. German's 
Viaduct, CornM^l Railway (a plates); 
Wrougbt-Iron Cylinder for DivingBell ;. 
Millwall Docks (6 plates) ; Milroy's Patent 
Excavator, Metropolitan District Railway 
(6 plates); Harbours, Ports, and Bredt« 
waters (3 plates). 
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Strains yFormulcB & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formtilseand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBBR, A.-M. Inst C.E., &c. Third Edition. With nearly 
ICO Woodcuts and 3 Plates, Crown 8vo, yj. td. doth. 
"The system of employing diacruns as a substitute for complex computations 

*is one justly coming into great favour, and in that respect Mr. Humberts volume is 

•fully up to the times."— £M|f»«rrrm^. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds» 

M. Inst C.E. Second Edition, with 5 Plates. Royal 8vo, 5^. doth. 

"The student cannot find a better book on this subject thanMr.Sheilds'."— ^^^ftiw^rr. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction df 
Suspension Bridges, Railways, &c ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Pbter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst C.E. 8vo, 400 pp., with 19 large Plates, i&r. doth. 
" The standard treatise upon this particular subject,"— '£«^f»/rr. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, &c., 
of Cast Iron, by E. Hodgkinson, F.R.S. 8vo, 12s. doth. 

%* Hodgkinson's Researches, separate, price fix. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULiE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fell, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I. A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 141. doth* 

"Undoubtedly an exceedingly useful and elaborate compilation."— /fw». 

" Alike valuable to students and engineers in pauedc^.'*— Mining Jimmal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and ob 
their Treatment by * Induced Tidal Scour,' with a Description of 
the Successfiil Reduction by this Method of the Bar at Dublm. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. ^s. 6d, cloth. 

Hydraulics. 

HYDRAULIC MANUAL AND STATISTICS. By Lowis 
D*A. Jackson, Author of ** Aid to Survey Practice," &c. Fourth 
Edition, Revised and Enlarged. Large Crown 8vo. {In the press., 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Exigineering, in the Uonstraction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Corves, and Mr. Trautwine's Field Practice of Laying 
oat Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
8dP. ttU doth. ** Trautwine on Curves, separate, Jj. 

'* The text-book on levelling in most of our engineering schools and coU^es.^^ 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Explaming in detaU the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbenng, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of^ the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. KIinnear Clark, M.I.C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30 j. doth. 
"It has been r^arded from the first as a text-book of the subject . . . Mr. Clark 
has added immensely to the value of the book."— ^x^f'n/^. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
KiNNEAR Clark, M.I.CE. Second Edition. i2mo, 4;. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
BuRNELL, M.I.C.E. Sbcth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear Clark, 
M. Inst. C.E. i2mo, 7j. 6df., cloth boards. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engmeers, &c By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2^. 6d. 

Bridge Construction in Masonry ^ Timber ^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of sdect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of J54 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to^ 2/. 12s. 6d, haff-morocca 
** A work of the present nature by a man of Mr. Haskoll's experience, must prove 
inTalaaUe. The tables of estimates considerably enhance its yalue. "•^Engintert^, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Dq>ths up to an 
average of 80 feet By Joseph Broadbent, C.E., and Francis 
Campin, CE. Cr. 8to, oblong, 5j. dotii. 
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Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING, 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNKAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2J. cloth. 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. KiNNEAR Clark, M. InsL C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols., Large Crown 8vo, 30J. cloth, 
" All intere^ed in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery."*— ZA^ ^Mc/Tw^rr. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5^. cloth. 
*' A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer.^'-- ^^A^iMrwm. 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 

Goodeve, M.A., Barrister-at-Law, Author of "The Principles 
of Mechanics," "The Elements of Mechanism," &c. Fourth 
Edition. Wii nimierous Illustrations. Crown 8vo, 6j. doth. 
" Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— JIfmMCf journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^ 
" If steam-users would but learn this little book by hear^ boiler explosions would 
become sensations by their rarity."— £m^<&A Mechanic. 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising MetaUuijy, 
Moulding, Casting, Forging, Tools, Workshop Mac&nery, Medba- 
nical Manipulation, Mani^tuie of the Steam Engine, &c. By 
Francis C ampin, C.E. i2mo, 3x. doth boards. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection o£ 
Works of Construction. By F. Campin,C.E. i2mo. y. 6d. cL bids. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E. i2mo,3/. 

Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. B^ Nelson Foley, CardilT, late Assistant 
Manager Palmer's Engme Works, Jarrow. With 29 full-page 
Lithographic Diagrams. Folio 2is. half-bound. 
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Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. ardEd. Imp. 8vo, Sf.doth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folates. By the late Geo. Watson 
Buck, M.I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 

rQs for Facilitating the Construction of Oblique Bridges, by 
H. Baklow, M. I. C. E. Royal 8to, 12s. doth. 
'* The standard tact book for all engineers legardiag skew arches."— i^flSjWMvr. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.£. i2mo, 5^. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Prindpal Geological Formations of Eng- 
land as influencing Supplies of Water. ByS. HuGHSS. 4r.6</. doth. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E., formerly Locomotive Inspector L. B. and 
S. C. R. Fifth Edition, gready enlarged. Comprising A 
KEY TO THE LOCOMOTIVE ENGINE. With Illustra- 
tions and Portrait of Author. Crown 8vo, 41. 6d. doth. 
*' Mr. Reynolds has supplied a want, and has supplied it yrfSL'^—Engisteer, 

The Engineer, Firemany and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By Michael Reynolds. Crown 8vo, 
41. 6^. doth. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. With Plates and Woodcuts. Crown 8vo, 4J. fid. doth. 

Engine-Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Ejigine-Drivers. By Michael 
Reynolds. Crown 8vo, 2j. doth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Treatise on the 
several Systems in Use in the United Kingdom ; thdr Construc- 
tion and Performance. With copious Illustrations and numerous 
Tables. By Michael Reynolds. Crown 8vo. [Nearly Ready. 

Steam Engine. 

ENGINEMAN'S COMPANION (The). A practical Hand- 
book arranged in a compact form for Ready Reference. By 
Michael Reynolds. Crown 8vo. [Intkepnss. 
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Constrtictton of Iron Beams, Pillars, &c. 

IRON AND H£AT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. 3^. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Building and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fure Systems ; Hints on Fire Brigades, &c., &c* 
By Charles F. T. Young, C.E. With numerous Illustiationsy 
handsomely printed, 544 pp.* demy 8vo, l/. 4r. doth. 
'* We can most heartily commend this book." — Engineerinff, 

** Mr. Young's book on ' Fire Engines and Fire Brigades * contains a ipass of 
information, which has been collected from a variet>[ of sources. The subject is so 
intensely interesting and useful that it demands consideration. ''—.^WfZa&Vi^ News. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal 8vo, idr. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for settiog out Curves from 5 to 200 Radius. By Alexanukk 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a doth box, waistcoat-pocket size, y. 6d. 
" Each table is printed on a small card, whicl^ being placed on Uie Uiaodolite, leaves 
title hands free to manipulate the instrument/* — Engifuer. 

** Very hsuidy ; a man may know that all his day's work must &U on two of these 
cards, which he puts into his own card-case, and leaves the rest behind."^ 

Engineering Fieldwork. {AtJumBum. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, i/. 51., cL boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and TTheoretical Essay. By J. H. Watson Buck» 
M. Inst. C.E., Resident Engineer, London and North-Westem 
Railway. Illustrated with Folding Plates. Royal 8vo, I2x. doth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of die templates, will be found of considerable use. We commend the book ta 
the engineering profession, and to all iidio have to build similar AaS^AJ^—BuildiMg 
News. 

** Will be regarded by civil en^neers as of the utmost value, and calculated to savtt 
much time and obviate many mistakes."— O/Ziiro' Guardian, 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 

I^eTelling, Setting-out and in Route Surreys of Travellers by Land 

and Sea. With Tables, Illustrations, and Records. By Lowis 

D'A. Jackson, A.-M.I.C.E. Author of ** Hvdraulic Manual and 

Statistics," &c. Large crown 8vo, I2s, 6d., cloth. 

" Mr. Jackson has fuxxlucea a valuable vade-mecum for the surveyor. We can 

reoommead this book as containing an admirable supplement to the teaching of the 

acccmplishedsurvevor." — AiAetuemm, 

** A general text book was wanted, and we are able to speak with confidence of 
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 
something of the mathematical principles of the subject a better course than to fortifv 
his practice in the field under a competent stuveyor with a study of Mr. Jacks<m s 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the student."— ^m^^^^/me^ News. 

" The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and ludd style of writing, renders the book bodi a very 
useful one and very agreeable to read."— ^M^UIrr. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. Bv Chas. Slagg, Assoc Inst C.E. Crown 5vo, 3^. cloth. 
"A very useful book, and may be safely recommended. The author has had 
practical experience in the works of which 1m tnais,'*'— Builder, 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, CE. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, C.E., 
M.LC.E., Author of ''Tramways, their Construction and Working," 
&c., &C. With numerous Illustrations. i2mo. y, 6d. doth boards. 

" The student cannot fail to profit largely by adopting this as his preliminary text- 
book."— /rvw ami Coal Trades Review. 

** Seems a model of what an elementary technical book should ht,**^Aca€Utny. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A.I.CE. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. 41. cloth boards. 
" Students should buy the book and read it, as one of the most complete and satis- 
fiftctory treatises on the combustion and ec<momy of fuel to be had."— ^MSfMw^r. 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Tvro Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, C.E., M.I.C.E. Second Edit, revised. i2mo, 5^. doth. 
" A book wMch every borough surveyor and engineer must possess, and which will 

Ite of considerable service to architects, builders, and property owners generally. **— 

Building News, 
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Sewing Machine (TAe). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating : a Practiod Manual ; " ** Electric Light : its Production 
and Use." With Numerous Illustrations. i2mo, 2x. 6d, cloth. 

Field'Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of TheodoUte for Traverse Surveying and Plotting 
the Work with minute accuracy bymeans of Straight Edge and Set 
Square only; Levelling with the Theodolite, Casting out and Re- 
ducing Levds to Datum, and Plotting Sections in the ordinaiy 
manner; Setting out Curves with the Theodolite by TangentijU 
Angles and Mtutiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo.l2j. cloth. 
" The book is very handy, and the author might have added that the separate taUea 

of sines and tangents to every minute will make it useful for many other purpoies, the 

genuine traverse tables existug all the same."— u4/A«flMV»M. 
"Cannot fail, from its portabilitr and utility, to be extenavely patronised by the 

engineering profession."— ATviMEf younuU, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 

C.E., Resident Engineer, Forest of Dean Central Railway. With 

numerous Diagrams, i&no, 2j. 6d, doth. 

*' As a really handy book for reference, we know of no woxk equal to it ; and tiio 

railway engineers and others employed in the measurement and calculation of earth- 

wotk will find a great amount of i>ractical information very admirably arranged, and 

available for general or rough estimates, as well as for the more exact calculations 

nquired in the engineers' contractor's offices. ''^i4r^Ma». 

Drawing for Engineers ^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensii^on. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diamms. i2mo, doth, strongly bound, 4J; 
" A copy of it should be kept lor reference in evory drawing office."— ^Mc^vM^rMt^ 
" Indispensable for teachers cNf engineering dTvmsig**'~Me€hanicM* Magaamt, 

Wealis Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHiEOLOGY, the FINE ARTS, &c. By John Wealk. 

Fifth Edition, revised by Robert Hunt, F. R. S., Keeper of Mining 

Records, Editor of ** Ure*s Dictionary of Arts." i2mo, dr. cL bds. 

" The best «nali technological dictionary' in the ]axigaage."—ArvAitMt. 

" The absolute accuracy of a work of this character can only be judged of after 

extensive consultation, ana from our examination it appears very correct and very 

complete.**— ilftVwiV youmal. 

B 3 



to WORKS IN MmiNG, METALLURGY, ETC.. 

MINING, METALLURGY, ETC. 

¥— 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\ %s, cloth. \Just published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of "A Treatise <m 
Slate and Slate Quarrying." With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. izr. 6^. cloth. 
*' Without question, the most exhaustive and the most practically useful work we 

have seen ; the amotmt of information given is enormous, and it is given condseiy 

and intelligibly."— ^i«ft«^ Journal. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific^ Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, 3/. 6d, cloth boards. 
"Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar."' — Engineering, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
revised, with considerable additions. [In the press. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans. Volume of Text. 
l2mo, 3^. With an Atlas of Plates, containing 235 lUustrations* 
4to, dr. Together, gx. cloth boards. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Ihinciples 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c., X2mo,4r. doth* 
^^* The above, bound with Thoman's Tables. (See page aa) 
Trice Is, 6d. cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Wamngton W. Smyth, M,A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Fi^ edition, revised and corrected* 

i2mo, with numerous Illustrations, 41. doth boards. 

" Everv portion of the volume appears to have been prepared with much care, and 

as an outline is |;iven of everv known coal-field in this and other countries, as well as 

of the two principal methods of working, the book will doubtless interest a very 

large number of readers." — Minimg youmal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise, 
on Direct-Acting Undeigroimd Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and tneir merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Authorof" The 
Cornish System of Mine Drainage." 8vo, i5J.doth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

—4 

Pocket Book for Naval Architectsdf Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULiE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., 12s, 6^., strongly bound in leather. 
" Should be used by all who are eng^ed in the construction or design of vessels.** 
— Engineer. 

'* There is scarcely a subpect on which a naval architect or shipbuilder can requise 
to refresh his memory which will not be found within the covers of Mr. Aiackrow's 
book."— ^Mi^^A Mechanic. 

*' Mr. Mackrow has compressed an extraordinary amount of bformation into this 
useful volwat.**^AtAenaum. 

Granthanis Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Ima 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), inducting the latest Examples. Together 
with separate Text, also considerably enlarged, l2mo, doth limp. 
By John Grantham, M. Inst C.E., &c. 2/. is, complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in genend. By order of the Board of Admi- 
ralty, the work will form the text-book on which the examination in iron shiprbuildinc 
of candidates for promotion in the dockyards will be mainly based."— J?«VMMirrMi(f. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULiE FOR MARINE ENGINEERS. By Frank Proctor, 
A.LN.A. Second Edition, revised and enU^ged. Royal 32mo, 
leather, gilt edges, with strap, 41. 
"A most useful companion to all manne engineers."— Z7«»/<A/5'#rv&» GoMttie, 
*' Scarcely anything required by a naval engineer appears to have been for 
gotten,"— /nm. 



la WORKS IN NAVAL ARCHITECTURE, ETC, 



Light'. 



'Houses. 

^EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of EngineerB, U.S. A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text 8vo, 2ls, doth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, In Reference to the 

Preparation of Plans for Roads and Railways, Canals, Riven, 

Towns' Water Supplies, Docks and Harbours ; with Description 

and Use of Surveymg Instruments. By W. Davis Haskoll, C. K 

With 14 folding Plates, and numerous Woodcuts. 8vo, 12s. 6d. doth. 

*' A most useful and well arranged book for die ud of a ttadeaL^—BuiltUr, 

'* Of Uie utmost practical utility, and may be safely recommended to all students 

who aspire to becnne dean and eq»ert sunreyon."— Ar»iM(f youmal. 

Storms. 

STORMS: their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lor. td, doth boards. 

Rudimentary Navigation. 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. Kosser. i2mo, y, doth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomieal 
and Nautical Calculations; to which is prefixed a Treatise on 
L(^;arithms. By Henry Law, C.£. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast College. 
New Edition. i2mo, 41. doth boards. 

Navigation {Practical)^ with Tables. 

PRACTICAL NAVIGATION : consisting of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. l2mo, ^s. strongly half bound in leather. 



WEALES RUDIMENTARY SERIES. 

The following books in Navctl Architecture^ etc,^ are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fourteenth Edition. i2mo, 2s, 6d, cloth. 
SAILS AND SAIL-MAKING. Eleventh Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3^. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. l2mo, 4r. doth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Serenth Edition. i2mo, 3^. 6d, cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — • — 

THE SCIENCE of BUILDING: An Elementaxy Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A.» 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged. Including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, 7^. 6d, doth. 

*' A Tery valuable book, which we strongly recommend to all students."— ^tMUrr. 

** No architectural student sliould be without this hMxuAAtocikJ'-^Arckiiict. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c. l2mo, 5/. cloth boards. 
*'A book which is always amusing and nearly always instrucdve. We are able 
veiv cordially to reccnnmend all persons to read it for themselves. "^Times. 

''^We commend the book to the thoughtful consideration of all who are interested 
in the bttildhu; txt,"— Builder. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; bdnff a 
Series of Designs for Villa Residences in various Styles. VTith 
Detailed Specifications and Estimates. By C. WiCKBS, Architect, 
Author of " The Spiresand Towersof the Mediaeval Churches of Eng- 
land," &C. 31 Plates, 4to, half morocco, gilt edges, i/. u. 
%* Also an Enlarged edition of the above. 6x Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2j. half morocco. 

Useful Text-Book for Architects. 

THE ARCHITECTS GUIDE : Bdng a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. Bjr F. Rogers. Cr. 8vo, 6x. cloth. 
"As a text-book of useful information for architects, engineersi^ surveyors, &c, 
would be hard to find a handier or mdre complete little vonime."— ^S'^SoiMtonall 

The Young Architects Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wiohtwick. 
New Edition. By G. H. Guillaume. i2mo, doth, 41. 
"Will be found an acquisition to pupils, and a copy ought to be conadered as 
necessary a purchase as a box of instruments. '*~^fvAi/«f/. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVK 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By Gso&GB Pynb. With 14 Plates, 4to, Is. &/« boards. 

BoHer and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a diapter on Lightning Condnctors. By Robert 
Wilson, C.E. Crown 8vo^ 3/. w. doth. 
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Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor* Esq., F.S. A., and Edwakd Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq») This is the only book which gives 
on a large scale, and with the precision of architectnral measure- 
ment, the principal Monuments of Ancient Rome in plan, elevationy 
and detail Large folio, with 130 Plates, half-bound, 3/. 3^. 
%* Originally published in two volumes, foUo, at 18/. i&c 

Vitruvtu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.AS. 
Numerous Plates. i2mo, doth limp, 5^. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A.. 
&c, wkh 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6s;, half-bound. 
*«* The only editum of VITRUVIUS procurable ai a moderaU pice. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. :^ E. L. Garbett. 
Numerous illustrations, i2mo, 6r. half-bound. 

Civil Architecture. 

A TREATISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sh: William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F.S. A. Revised and edited by W. 
H. Leeds. 66 Plates, 4to, 2IJ. doth. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Thud Edition, Reiosed. i2mo, dr. cloth. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. BucHAN, Sanitary Engineer. 
Third Edition, enlaiged, with 300 illustrations, i2mo. 4J. doth. 

yoints used in Buildings Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Architectural 
works, with especial reference to those wrought by artificers in 
erecting and finishing Habitable Structures. B^ W. J. Christy, 
Architect With 160 Illustrations. i2mo, 3^. id. doth boards. 

\yustpublishei. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, PracHcal 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
np Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.LB.A. New Edition, in One large volume, 8vo, with 
upwards of looo pages of text, and 33 Plates, cloth, i/. iix. tcU 
*' In this work forty-four si)ecifications of executed works are given. . . . DoBald- 
son's Handbook of Specifications must be bought by all architects."— ^wft/UIrr. 

Specifications for Practiced Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15^. doth. 

*»* A volume of specifications of a practical character being greatly required, and th 
old standard work of Alfred Bartholomew being out of print, the authcur, on the basis 
of that wrark, has produced the 9\)o\^— Extract from Preface, 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and brin^g 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re* 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
rainter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lOf. td, doth. 
*' Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the yt^ML,"'~Engvuerin^, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimatmg the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work. By A. C. Beaton. Second Edition. 
Waistcoat-pocket size, is, 6d, 

BecUon*sBuilder^andSurv^ors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
. FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton, is, 6d. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR; or. What wiU it 
Cost to BuUd, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A. R.I. B. A. 
Edited by Francis T. W. Miller, A.R.I.B.A., Surveyor* 
Third Edition, Revised. Crown 8vo, 3/. 6/., doth. 
** In two yean it will repay its cost a hundred times ovtt.**-^Fteid. 



i6 WORKS IN CARPENTRY, TIMBER, ETC., 

Cement. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M. Inst. C.E., with Illustrations. Crown 8vo. 3J. (>d, cloth. 
** A naefttl oompendium of results for the builder and architect."— i?MiU/jn^ JV^rwr. 

Buildet^s and ContrcLctor' s Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and LAbour, and of all Trades connected with Building, 
&c Revised by F. T. W. Millkr, A. R. I. B. A. Half-bound, 4/. 



CARPENTRY, TIMBER, ETC. 
TredgolcCs Carpentry ^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on die Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Annies, 
Bridges, R00&, Uniting Iron and Stone with Timber, &c. To which 
is a£[ed an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materiils, &c. By Thomas Trbdgold^ 
C.E. Edited by Pstbr Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2j., reduced to i/. 5^. doth. 
** Onffht to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new issue.**— i?M££e2rr. 

"A work whose monumental exoeQence must commend it wherever skilful car> 
pentry is concerned. The Author's principles are rather confirmed dian impaired by 
time The addirional plates are of great intrinsic value."— ^««/USmsr iV'MKi; 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 

2nd Edition. Carefully revised and corrected. i2mo, 3/. 6^ doth. 

*' Everything it pretends to be: built no gradually, it leads one from a forest to a 

fTianiilj snd throws in, as a makeweight, anmt of material concerning bricks, coliuniia» 

dstems, &c.-^ diat the class to Wnom it appeals requires.*— J^m^mA Meckatuc, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS* 
FREIGHT BOOK : Bdng a Comprehensive Series of Tables for 
the Use of Tunber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, ts. 

Tables far Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3^. 6</. doth. 
'* Invaluable labour-saving tables."— /rmmMf^cvr. 

Carriage Building, 6fc. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the proper keeping of Carriages, 
&c 57 Illustrations. By James W. Burgess. i2mo, 3/. dotlu 
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Hortofis Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &a ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species oi 
trees, and proper deductions for the waste in hewing the trees, 
&C.; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Fourth Edition, with considerable and valuable additions, i2mo» 
strongly bound in leather, 5^. 

Hortofis Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER. 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2s, leather. 

Nicholson's Carpenter^ s Guide. 

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is, doth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersbui^h Standard 
Hundred, &c., &c. Also a variety of other valuable mformation. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, y, cloth. 
"ETerything is as concise and clear ai it csm possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it,*'— Hull Advertiser. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, beii^ a Guide 
for the use of Building Contractors, Surveyors, Builden, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, y, td, cL 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 

Construction. With Hints on the Management of Saw Mills and 

the Economical Conversion of Timber. Illustrated with Examples 

ef Recent Designs by leading English, French, and American 

Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 

izr. (>d, cloth. 

" Mr. Bale is evidently an expert on the subiect, and he has collected so muck 

infbrmatien that his book is all-sufficient for builders and others engaged in the con- 

version of timber."— ^frAtV^r/. 

"The most comprehensive compendium of wood-working machinery we have 
seen. The author u a thorou^ master of his subject."— ^mJoimic News. 
** It should be m the office of every wood-working fauctory.**—£n£^lisA Meckattk. 



i8 WORKS IN MECHANICS, ETC.. 

~ \ MECHANICS, ETC. 

Turning. — • — 

LATHE- WORK: a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has- 

LUCK. With Illustrations drawn by the Author. Crown 8vo, 5j. 

" Evidently written from personal experience, and gives a large amount of just 

that sort of infomiati<Mi which beginners at the lathe require." — Buildtr, 

Mechanids Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 

PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 

TICAL ASSISTANT. By W. Tkmplbton. 13th Edit, with 

Mechanical Tables for Operative Smiths, Millwrights, Engineers, 

&C. ; and an Extensive Table of Powers and Roots, i2mo, $/. bound. 

" Admirably adapted to the wants of a very lat^ge class. It has met with great 

success in the engineering workshop, as we can testify ; and diere are a great many 

men who, in a great measure, owe dieir rise in life to this Uttle work."— iSiMZaaii^ News, 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Templkton. iSmo, 2s, td. 

Waistcoat- Pocket Book for Mechanics^ &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, SURVEYORS, &c. Selected and Arranged by 
Francis Smith. Waistcoat-pocket size. [In the press. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. KiNNEAR Clark, M. Inst. C.E. i2mo, ^r. half-bound. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to aoo inches in length, 
by I to 108 inches in breadth. By J. Hav^kings. Fcp. 3/. dd. d. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated irom the German, with Notes, by Dr. Pole, 
F.R.S. Plates, 8vo, its, 6d. doth. 

Stewm Boilers. 

A TREATISE ON STEAM BOILERS : thdr Strength, Con- 
stmction, and Economical Working. By R. Wilson, C.E. 
Filth Edition. i2mo, 6f. doth. 

" The best work on boilers which has come under our notice."— J?M^MMsrrm^. 

" The best treatise that has ever been published on steam \iKSLtx%.'*^EngiMur, 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DiONYSius 
Lardnbr, D.CL. New Edition, Edited and considerably En- 
Uiged, by Benjamin Loewy, F.R. A.S., &c., post Svo, dr. doth. 
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MATHEMATICS, TABLES, ETC. 
Metrical Units and Systems, &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed Englbh System. By Lowis D'A. Jackson, 
A.-M. Inst C.E., Author of " Aid to Survey Practice," &c. 
Large Crown 8vo, 12s, 6d, cloth. [y«J^ imblisJied. 

Gregory* s Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Deigned chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
PuRB Mathematics— comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c By Ounthus Gre- 
GORY, LL.D., F.R. A.S. Enlarged by H. Law, C.E. Ath Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. doth. 

Mathematics as applied to the Constructive Arts, 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. i2mo, 3^. 6^. cloth boards. 

\JuU published. 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic By E. W. Tarn, M. A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 9x. cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, In which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DOWUNG, C.E. 2nd Edit, revised and enlarged. 8vo, los, 6d, d. 

Inwood*s Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. Fi^DOR Thoman. i2mo. &r. doth. 
'* TboM interested in the purchase and sale of estates, and in the adjustment of 

oonpensatioD cases, as wdl as in txansactions in annuities, life insuxances, &c, will 

find the present edition of eminent service."— if n^fMMrrmsf. 

Weights, Measures^ Mon^s, &c. 

MEASURES, WEIGHTS, and MONEYS of all NATIONS, 
and an Anidysis of the Christian, Hebrew, and Mahometan 
Calendars. Entirely New Edition, Revised and Enlarged. By 
W. S. B. WOOLHOUSE, F.R.A.S. i2mo, 2s. 6d, doth boards. 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FiDOR Thoman, 
of the Sod^ Cr^t Mobilier, Paris. 3rd Edit, i2mo, 41. 6</. d. 

Iron and Metal Traded Calculator. 

THE IRON AND METAL TRADES* COMPANION: 
Being a Calculator containin|[ a Series of Tables upon a new and 
comprehensive plan for expeditiousbr ascertaining the value of any 
goods bought or sold by weight, from 15. per cwt to Ii2j. per 
cwt., and from one farthmg per lb. to is, per lb. Each Table ex- 
tends from one lb. to ico tons. ByT. Downie. 396 pp., 9^., leather. 
" Will supply a want, for nothinic like it before txaXadu^—ButMutg News, 

Iron ana Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consultii^ Engineers ; Architects, Builders, 
&c. By Charles Hoare, Author of *The Slide Rule,' &c Eighth 
Edition. Oblong 32mo, dr., leather. 
" For comprehensiveness the book has not its equaL" — Iron, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con* 
taining 186,000 Direct Answers, which, with their Combinations^ 
consisting of a single addition (mostly to be performed at sight), 
will affi)ra an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henry Harben, Accountant, Sheffield! New 
Edition. Ro]^ 8vo, i/. $/., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 
for the use of Merchants, Manu&cturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the meuod of either Altering a Rate of Discount, or Advancing a 
. Price, so as to produce, by one operation, a sum that will realise 
any required pront after allowing one or more Discounts : to which 
are added Tables of Profit or Advance from i^ to 90 per cent. 
Tables of Discount from \\ to 98! per cent., and Tables of Commis- 
sion, &C., from \ to loper cent. Bv Henry Harben, Accountant. 
New Edition. Demy Svo, i/. 5^., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measurimr, 
Optical, Surveying, and Astronomical ^truments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5^. doth. 
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Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing fuU instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
Alloying, Melting, Reducinjgr, Colouring, Collecting and Refining. 
The processes of Manipulation, Recovery of Wast^' Chemical and 
Physical Properties of Gold, with a new System of Mixing its 
Alloys ; Solders, Enamels, and other useful Rules and Recipes, &c. 
By George £. Gee, Goldsmith and Silversmith. Second Edition, 
considerably enlarged. i2mo, 3^. 6^. cloth boards. 
*' The best work yet printed on its subject for a reasonable price." •^yeweUer, 
'* Essentially a practical manual, well adapted to the wants of amateurs and 

apprentices, contaming trustworthy information that only a practical man can 

wapslj,*'—£ni^lisA Mechanic. 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, contaming full In- 

structions for the Alloving and Working of Silver. Including the 

different Modes of Renning and Melting the Metal, its Solders, the 

Preparation of Imitation Alloys, &c By George £. Gee, 

Jeweller, &c. i2mo, y. &/. cloth boards. 

" 'fne chief merit of the work is its practical character. The workers in the trade 

will speedily discover its merits when tney sit down to study \\J* ^English Mechanic. 

'* This work forms a valuable sequel to the author's Practical GoldworkeVt and 

supplies a want long felt in the silver tnAt,**^Silversmith's Trade JoturnaL 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom ; with the Stamps at present 
employed ; also the Laws relating to the Standanls and Hall- 
Marks at the various Assay Offices ; and a variety of Useful 
Suggestions concerning the Mixing of Standard Alloys, and other 
matters. By George E. Gee. Crown 8vo. [Nearly ready. 

Electroplating, &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5^. doth. 
'* A large amount of thoroughly practical information." — Telegraphic JournaL 
*'An excellent practical m»xxoM.:*-~-Engineering, 

"The uafonnation given appears to be based on direct personal knowledge. . . 
Its science is sound, and the style is always dtax,'*^Athefueum. 

"Any ordinarily intelligent perswi may become an adept in eIectro-de]M>sition 
with a very little science indeed, and this is the book to show the ymy," ^Builder. 

JElectrotypingy &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. UrQUHART, C.E. 
Crown 8vo, $s, cloth. 
" Will serve as a guide, not only to beginners in the art, but to those who still 
practise the old and imperfect methods of electrotyping." — Iran. 

** The book throughout is entirely practical, and is lucid and clear in style. It is a 
rtii&hle work."— P^er and Printif^ Trades Joyrttal. 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Constraction of the various kinds of Artificial Dentures. Com- 
prising idso Useful Formulae, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc, etc By Charles Hunter. Second 
Edition, Revised ; including a new chapter on the use of Celluloid. 
With numerous Wood Engravings. Crown 8vo, 7j. 6</. cloth. 

\Just published. 

" The work it ▼ery practical**— Af-wiMAr Review qf Dental Surgery. 

**Kii authoritative treatise We can strongly recommend Mr. Hunter's 

treatise to all students meparing for the pn^ession of dentistry, as well as to every 
mechanical ^jtXL^C^^**—^DvhliH.y ournal <ff Medical Science. [and Circular. 

" The best book on the subjea with which we are acqiiaintrd. ^—Medical PretM 

Electricity. 

A MANUAL of ELECTRICITY; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-EHectricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with joo Woodcuts. 8vo, i/. ^, doth. 
*' Hne accounts ^iven of electndty and galvanism are not onlycoaqtlete in a scientific 
cnse, but, which u a rarer thing, are popular and interesting.^— JLoMcr/L 

Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised* With an Introduction and Additional Chapters 
by W. H. Preece, M.LCE., Vice-President of the Society of 
Telegraph Engineers, &c. With 470 Illustrations. Crown 8vo^ 
1 2 J. 6d. cloth. 
"A reflex of the existing state of Electrical Science adapted for students."— 
W. H. Pteece, Esq., vide " Introduction." 

" We can recommend Dr. Noad's book for dear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indJs- 
peniaUe."— i4 Menitfwm. 

" An admirable text-book for every student— beginner or advanced— of electzidty.** 
^Engineering, 

'Recommended to students as one of the best text-books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the shape 
of tdegraphic, tdephomc, and electric-lighting apparatus.'*~£Mr/uA Mechanic, 
"The work contains everything that the student can xef^yx^r—Aceuiemy, 
" One of the best and most useful compendiums of any branch of sdence in our 
literature."— /r»«. 

" Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec- 
tricity luLS grown into an admirable haaadhoQk."^IVestminsier Revitw. 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 

Directions for the Working of Galvanic Batteries, Electric Lamm, 

and Dynamo-Electric Machines. By J. W. Urquhart, C.£., 

Author of " Electroplating." Edited by F. C. Webb, M.LC.E., 

M.S.T.E. With 94 Illustrations. Crown 8vo, 7j. (>d. cloth. 

* The book is by far the best that we have yet met with on the subject. " — A thenmtm^ 

"Au important addition to the literature of the deciric light. Students of the 

subject should not fail to read xXj^-^omery Guardian. 

Lightning, &c. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnqll, Major in the Corps of Royal Engixieers. 
Z3mo, 7x. ^. dotb. \Ju5t published. 
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The Alkali Trade — Sulphuric Acid^ 6fc. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo» 
2/. I2X. td. cloth. 

This work provides (i) a Complete Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plants or to become practically acquainted with the latest Processes and developments 
of the trade ; (2) a Handy volume which Manufacturers can put into the hands qf 
their Managers and Foremen as a useful ^ide in their daily rounds ofduty, , 

Synopsis op Contents. 



Chap. I. Choice of Site and General 
Plan of Works— II. Sulphuric Acid— 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
~IV. The Salt Cake Process- V. Legis- 
lation upon the. Noxious Vapours Ques- 
tion— VI. The Hargreaves' and Jones' 
Processes— -VI I. The Balling Process— 
VIII. Lixiviation and Salting Down — 



IX. Carbonating or Fuiishing— X. Soda 
Crysuls — XI. Refined AlkaU-XII. 
Caustic Soda — XIII. Bi-carbooate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation upon 
the Noxious Vapours Question. 



"The author has eiven the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

'* This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms uf apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacttire is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the tedmical details of this trade receives the fullest attention. The book has been 
produced with great completeness." — Athetueum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up* any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked bv 
even the most experienced technological authors. This most valuable book, whicn 
we trust will be generally impreciated, we roust pronounce a credit alike to its author 
and to the enterprismg nrm who have undertaken its publication."— CAr»i»c«/ 
Review, 



Chemical Analysis. 



THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manu£Eictures» 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, I2J. 6d, doth. 

'* We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we stronglv recommend it to our xtaAtn as a 
guide, alike indispensable to the housewife as to tine pharmaceutical practitionflr.''— 
Medical Times. 

** Essential to the anal^ts appointed under the new Act. The most recent results 
are given, and the work » well edited sad careftdly written."— -JVoAmr. 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited bjr 
DiONYSius Lardnsr, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University Coll^:e, London. With up- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £1 I J., in a new and el^ant cloth binding, or handsomely 
bound in half morocco, 31J. 6d, 

OPINIONS OF THE PRESS. 

"This series, besides affording popular but sound instruction on scientific subjects, 
with which the hiunblest man in the country ought to be acquainted, also undertakes 
that teaching of * common things ' which every well-wisher of his kind is anxious to 
promote. Manv thousand copies of this serviceable publication have been printed, 
in the belief ana hope that the desire for instructi9n and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappomt- 
wmX/'—TitfUs. 

** A cheap and interesting publication, alike informing and attractive. The papers 
. combine subjects of importance and great scientific knowledge, considerable mduc- 
tive powers, and a popular style o{ xxeaMaeatJ*— Spectator, 

''The ' Museum of Science and Art' is the most valuable contribution that has 
ev<er been made to the Scientific Instruction of every dass of society."— ^iir David 
Brewster in the North British Review. 

"Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must e3q>ress our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present." — Examiner, 

\* Separa 4 hooks formed from the ahove^ statable for WorkmetCs 
Libraries^ Science Classes^ &»c, 

COMMON THINGS EXPLAINED. Containing Air, Earth. Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, doth gilt, 5^. 

THE MICROSCOPE. Contaming Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s, 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, doth gilt, 2s, td, 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallades, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus* 
trations, cloth gilt, 2s, (yd, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. ^ Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4^. 6^. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, doth gilt, 25, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Sden- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, doth gilt, is, 6d, 
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Dr. Lardne^s Handbooks of Natural Philosophy. 

*•* The following five volumes^ though each U Complete in itself^ and to he^ur' 
chased separately f JortH A CoMFiXTK CouRSK op Natural Philosophy, <ww^ tfr» 
intended for the general reader who desires to attain accurate knowledge of ike 
various departments of Physical Science ^ without pursuing them according to the 
more profound methods of mathematical investigation. The style is studiously 
popular. It has been the author^ s aim to supply Manuals such as are required oy 
tlu Student t the Engineer ^ the Artisan^ and the superior classes in Schools, 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s. cloth. 

**Theperspicuitv of the original has been retained, and chapters which had 
become obsolete, have been replaced b/ others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business o( life."— Mining youmal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R. A.S. With 236 Illustrations. Post 8vo, Ss. cloth. 
" For those * who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation, this work is not merely in* 
•tended, but well adapted." — Chemical News. 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6s. cloth. 
"The style is always dear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts behind." — Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 

T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5j. doth. 

'* Written by one of the ablest English scientific writers, beautifully and elaborately 

WxatnXKA.**— Mechanics* Meigazine. 

THE HANDBOOK OF ELECTRICITY, MAQNETISM, and 
ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 
B.A., F.C.S. With 400 Illustrations. Post 8vo, $5, doth. 
" The book could not have been entrusted to any one better calculated to preserve 

the terse and ludd style of Lardner. while correcting his errors and brin^g up his 

work to the present state of scientific knowledge."— /'ij^w^sr Science Review, 

Dr^' Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small 8vo, 550 pages, gj. 6/., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form— certainly none at the price at which this is 
offered to the 'p^a\X\c**—Athenaum, 

** We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — ^but at 
the same time correct— acquaintance with this sublime science.^'— ^iMff^<(r JomrHol 
of Science, 

Dr. Lardnef^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small Svo, 
cloth, 732 ps^es, If. 6d. 
** We have no hesitation in cordially recommending it,"— Educationat Timet. 
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Dr. Lardner^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

32S ninstrations. Sixth Edition, i vol 3/. 6d, doth. 
** Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physical Science."— ^r«f»A QuarUrly Rtvitw. 

ANIMAL. PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner* 

With 190 Ulustiations. Second Edition. I vol 3^. 6d. doth. 
"Qeaxly written, well arranged, and excellently illustrated."— {^an^kMTf'CArwMpiSr. 

Dr. Lardner^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small Svo, zs, 6d, cloth. 
*'Oneof themost readable books extant on thefilectricTdegnph."— ^n^.ilfMAaiif^. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise oik 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S.,F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. Svo, 7j. 6^ doth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor le Vaux. Fcap. Svo, 51. cloth. 

^ " A valuable contribution to the evidences of revelation, and disposes verv conclu- 
sively of the aigumems of those who would set God'» Works against Goa's Word, 
No i«al difficulty is shirked, and no sophistry is left unexposed."— SHi^ Rock, 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; bemg a Series of Essays on— i. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Mirades in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J. R. Young. Fcap. ^. d. 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consistmg of "Physical 
Geology,*' which sets forth the Leading Prindples of the Sdehce ; 
and " Historical Geology,'* which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. Svo, 5j. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M. A, late Fellow of Trin. ColL, Camb. iSmo, 5j. cL 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, induding methods of Painting, 
Cleaning, Re-Lining, and Restoring, Prindpal Schools of Painting, 
Copyistsand Imitators. By Philippe Daryl,B. A Cr.8vo,3/.6^.d. 
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Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. Bv Sir Edmund Beckett, Bart, (late £. B. 
Denison), LL.D., Q.C., F.R. A.S. Sixth Edition, revised and en- 
laiged. Limpdoth (No. 67, Weale's Series), 41. 6^.; dothbds. $s, 6d. 

** As a popular and practical treatise it is uxia|q[»roached."— jEflj^/cirA Mechmic. 

"The best w(Mrk on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language. "—jfft^'ff^rrrVtf'. 

"The only modem treatise on clock-making." — liorological youmal. 

The Construction of the Organ. 

PRACTICAL ORGAN BUILDING. By W. E. Dickson, 
M.A., Precentor of Ely Cathedral. Crown 8vo, Sj. doth. 
** In many respects the book is the best that has yet appeared on the subject We 
cordially recommend \t.'* —English Mechanic. 

'*Any j^ractical amateur following the instructions here given might build an 
organ to his entire satisfaction."— Zm<& Mercury. 

Breimng. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown Svo, 3^. dd, doth. 

*' A thoroughly scientific treatise in popular language." — Morning Advertiser. 
" We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage."— ^yvzc/^r. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysjuters, Brokers, &c. By J, 
W. Slater. Second Edition. Re-written and Enlarged. Crown 
Svo, 7j. td, doth. \3ust published. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and Engravings. i2mo, 5;. 6^. cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s. 6d, bound. 

The Military Sciences. 

AIDE-MEMOIRE to the MIUTARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Roval Engineers. 2nd Edition, revised ; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal Svo, doth, 4A los. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolvrich. Sixth Edition, crown 
Svo, doth, with separate Atlas of 12 Plates, izs. complete. 
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Delamottis Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Radimentaiy Treatise on the ^t, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from niuminated MSS., printed in Gold and Colours. By F. Dbla* 
If OTTB. Small 4to, qj. El^antly bound, doth antique. 
"Hie examples of ancient MSS. recommended to the student, which, with mudfc 

ffood sense, the author chooses from collections accesable to all, are leleicted with 

judgment and knowledge, as well as taMtJ*'^AtkeHmtm, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic* 
Church-Text, German, Italian, Arabesque^ Initials, Monograms, 
Crosses, &c Collected and engraved by F. Dblamotts, and 
printed in Colours. New and Cheaper Edition. Royal 8vo» 
oblong 2s. 6d, ornamental boards. 
" For those who insert enamelled sentences round ylded chalices, who Uanm shqp 

legends over shop-doors, who letter churdi walls widi fddiy sentences from die 

Decalogue, this hook will be usefuL"— ^ tketuntm, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spectire^ Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
RilMnd, Gothic, Rustic, and Arabesque, &c., &c. C(3lected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, obloi^, 2j. 6d, ornamental boards. 
" There is comi»rised in it every possible shape into which the letters of the alphabet 

and numerals can be foxm^"— Standard, 

MEDliEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamottb. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4tO| dr. doth gilt 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Deioces, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. DsLAMom^ and 
printed in Colours. Oblong royal 8vo, is, 6d. ornamental wrapper. 

JVood-Carving^. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. ]^ A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2j. 6ii, 
"The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication."— ^Mamrmi. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art Bv Thomas John Guluck, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlax^^ With Frontispiece and Vignette. In small 8vo, 51. 6</. doth. 
%* This Work has been adopted as a Priu-hook in the Schools of 
Art at South Kensington. 
" Contams a laige amount (rf oripnal matter, agreeably conveyed."— ^SMiUrr. 
'* Much may be learned, even by chose who fancy they do not require to be tang^t* 
from the carefulpenisal of this unpretending but coroprehensiTe treatise. *--^ff7MnM^ 
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AGRICULTURE, GARDENING, ETC. 
Youatt and Buriis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandly. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations, i/. \s, half-bound. 
" The standard and text-book, with the fanner and grader."— J^ormwr'f Magazine, 
"A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C., &c. 
Fourth Edition, with fine engravings, including specimens o jNew 
and Improved Breeds. 366 pp., 4;. cloth. 

Production of Meat. 

MEAT PRODUCTION, A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively treating 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart. 
Numerous Illustrations. Cr. 8vo, 5^. doth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time."— JI/m/ and Provision Traded Review. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, byR. ScoTT Burn. With Illustrations. Second 
Edition. i2mo, 4^. cloth boards. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 

Soils, Manures, and Crops — Farming and Farming Economy — 

Cattle, Sheep» and Horses — Management of the Dairy, Pigs, and 

. Poultry— Utilisation of Town Sewage, Irrigation, &C. New Edition. 

In I vol. 1250 pp., half-bound, profusely illustrated, 12s. 
"There is sufficient stated within the limits of this treatise to prevent a fanner 
from going tax wrong in any of his operations."— ^^ivrv^n 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivatmg every 
known Vegetable and Herb, etc. By George M. F. Glenny. 
i2mo, zs, doth boards. 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Farming, the Setting-out of Farms, 
Constniction of Roads and Farm Buildings, of Waste or Un- 
productive Lands, Irrigation, Drainage, &c. By R. ScoTT BURN. 
Second Edition. i2mo, 3^. cloth. 
"AjCom{4eteand comprehensive outline of the duties appertaining to the manage- 
ment of landed tsXaXtA,**— Journal 0/ Forestry, 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage,. 
Domestic Animals, &c. , By Robert Scott Burn. i2mo, ^x. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. With Illustrations. Consisting of the above 
Two Works in One Vol., 6j. half-bound. 

English Agriculture, 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains- Jackson. i8mo, %s. 6d, cloth. 

^' A clearly written description of the oidinary routine of English fiurm-Iifet"— Zomf. 

" A carefully written text-book of A^culture. " — A thnueum. 

"A most comprehensive volume, giving a mass of information." — ArricuHural 

Culture of Fruit Trees. conomu, 

FRUIT TREES, the Scientific and Profitable Culture of. From 
the French of Du Breuil, revised by Geo. Glenny. i2mo, 4/. 

Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING; or. How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition, Cr. 8vo, Jj. cloA. 
*' A very good book, and one to be highly recommended as a practical guide. 
The practicsd directions are excd\eat,**—AiAefueum. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce £(>20 a year, by the Cultivation of Fruits 
and V^etables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise ;£'i76 per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, 2s. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's ^mlener, but to the market grower." — Gar dentil's Magazine, 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN : or. How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates showing the 
best and most economical way of Building Glasshouses, Pits, and 
Frames for the various classes, &c. By Samuel Wood, Author 
of " Good Gardening,** &c Crown 8vo, 31. dd. \Jmt pMished„ 
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Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 

and Airjateur's Complete Guide. By Samuel Wood, Author 
of " Good Gardening," &c. With Illustrations. Crown 8vo, 
3J. 6</. cloth. 

Bulb Culture. 

THE BULB GARDEN, or. How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. A Manual 
adapted for both the Professional and Amateur Gardener. By 
Samuel Wood, Author of "Good Gardening," etc. With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, 3^. 6</. doth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
Being a Practical Manual on the Propagation of Forest Trees 
Fruit Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c 
Numerous Illustrations. By Samuel Wood. i2mo, 2J. 6rf. doth. 

Tree Pruning, 

THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Tr^es. Induding also their Training and Renova- 
tion, also treating of the Praning of Shrubs, Climbers, and Flower- 
ing Plants. By Samuel Wood. i2mo, 2J. 6d. cloth. 

Tree Plantings Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5^. half-bound. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations. Cr. 8vo, 2x. d. 

Hudson s Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: bdng Tables, 
on a very much improved Plan, for Calculating the Value oi 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. Hudson, CE. 
New Eklition, royal 32mo, leather, g^t edges, elastic band, 4r. 

JEwart's Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, reqmred in any Com- 
putation relating to the Permanent Improvement of Land^ Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 41. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, wi9i strap, 'js, 6d, 
' We consider Hudson's book to be the best ready-reckoner on matters relatiaf to 



the valuation of land and crops we have ever seen^ and its combina.taon with 
E wart's work greatly enhances the value and usefulness of the latter-men' 
It is most useful as a manual for niemaocJ^'—North 0/ England J^armer. 
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%» The volumes of this Scries are freelv Illustrated with 
Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated; but ike volumes marked 
vft'tk a % may also be had strongly bound in cloth boards for 6d 
extra, 

N.B.—In ordering from this List it is recommended, as a 
means of facilitating business and obviating error, to quote the 
numbers affixed to the volumes, as well as the titles and prices, 

No. ARCHITECTURE, BUILDING, ETC. 

16. ARCHITECTURE^ORDERS—Th^ Orders and their iEsthetic 

Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE—STYLES— T\i^ History and Description of 

the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., &c. Illustrated. 2s. 
*»* Ordrrs and Styles of Architecture, in One Vol., is. dd, 

18. ARCHITECTURE— DESIGN— T\ift Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. BvE.L.Garbbtt, Architect. Illustrated. 2s.6d. 
%• The three preceding Works, in One handsome Vol., half bound, entitled 
" Modern Architecture," price 6». 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s4 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.R.I.B.A. With Additions by C Tomlinson,F.R.S. Illustrated, js.t 
25. MASONRY AND STONE CUTTING ; in which the Principles 
of Masonic Projection and their application to the Construction of Curved 
Wing- Walls, Domes, Oblique Bridges, and Roman and Gothic Vaulting, 
are explained. By Edward Dobson, M.R.I.B.A., &c. 2s. 6d.t 

44. FOUNDATIONS AND CONCRETE ^Oi^AT^, a Rudunentary 

Treatise on ; containing a Synopsis of the principal cases of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B6ton, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., &c. Fifth Edition, revised, is. 6d. 

42. COTTAGE BUILDING, By C. Bruce Allen, Architect 

Ninth Edition, revised and enlarged. Numerous Illustration?, xs. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnell, C.E. Twelfth Edition, is. 6d. 
57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charlbs Tomlinson, F.R.S., &c. Illustrated. 3s. 
83**. CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charlbs Tom- 
linson, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Illus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, (gr*^. .* Experimental Essays 

on the Principles of Construction in ; made with a view to their being useful 
to the Practical Builder. By William Bland. Illustrated, is. 6d. 
116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, ts. 6d. 

8^* Tke X indicates that these vols, may be had strongly bound at td. extra. 
LONDON : CROSBY LOCKWOOD AND CO., 
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Architecture, Building, etc., continued, 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with an Historical View of the Rise and Progress of the Art in 
Grreece. By the Earl of Aberdeen, is. 
%• The two preceding Works in One handsome VoL^ half bound, entitled "Anoent 
Architecture," price 6r. 

132. DWELLING-HOUSES, a RudimenUry Treatise on the Erection 
of.^ Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification. Quantities, and Esti- 
mates, and every requisite detail, in sequence, for tneir Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d.« 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers*, Plumbers'. Painters', Paper- 
hangers', Gilders', Smiths', Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarj^ Edition. Ulus. is. 6d. 

175. LOCKIVOOD ^ CO:S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, for 1882, containing the latest Prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, &c., &c. 
Revised and Edited by F. T. W. Miller, Architect and Surveyor. 3s. 6d. ; 
half bound, 4s. 

182. CARPENTRY AND yOINERY—TKTL Elementary Prin- 

ciPLKS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredoold, C.E With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 5s. ^\ 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 60. ; cloth boards, 
7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wioht- 

wiCK. New, Revised, and enlarged Edition. By G. Huskisson Guillaume, 
Architect. With numerous Woodcuts. 3s. 6d.t 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING : A Practical Manual of, containing frill information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, 8tc., &c. With 9 Coloured Plates of 
Woods and Marbles, and nearlv 150 Wood Engravings. By Elus A. 
Davidson. Third Edition, revised. 5s. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling, Materials; Slating ana Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. lUustrateiL is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Third Edition, enlarged. Containing 300 Illustrations. 
By W. P. BucHAN, Sanitary Engineer. 3s. 6d.t 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS^ 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandy. 
Second Edition, Revised, is.t 

205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badbnoch. Illustrated with 12 full-page Engravings of Examples, is. 

206. A BOOK ON BUILDING, Cvml and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and the Great Pyramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. Second Edition, 
enlarged, 4s. 6d.t 

fK3^ The X indicates that these vols, may be had strongly bound at fid. extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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Architecture, Building, etc., continued. 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works (A 
Practical Treatise on). With especial reference to those wrought by Arti- 
ficers in Erecting and Finishing H;4bitable Structures. Bv Wyvill J. 
Christy, Architect and Surveyor. With upwards of One Hundred and Sixty 
Engravings on Wood. 3s. t [Just published. 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly from the Works of Robison, 
Tredgold, and Humber. By E. Wyndham Tarn, M.A., Architect. With 
numerou<: Illustrations, is. 6d. \just published. 

229. ELEMENTARY DECORATION : A Guide to the Simpler 

Forms of Eveiyday Art, as applied to the Interior and Exterior Decoration 
of Dwelling-Houses, &c. By James W. Facby, Tun. Illustrated with 
Sixty-eight explanatory Engravings, principally from Designs bv the 
Author. 2s. [Just published. 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, ana Squaring the Wreath. By Gborgb Collings. 
Illustrated with Plates and Diagrams, is. 6d« [J usi published. 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 
Including a Treatise on Hydraulic Enginebring by Geo. R. Burnell, 
M.Inst.C.E. Sixth Edition, revised, with Largb Additions on Recent 
Practice in Civil Engineering, by D. Kinnear Clark, M.Inst. C.E., 
A utihor of" Tramways: Their Construction," &c. 66. 6d., Cloth boards, 7s. 6d. 

31. WELL-DIGGING, BORINGy AND PUMP-WORK. By John 
George Swindell, A.R.I. B. A. New Edition, by G.R. Burnell, C.£. xs.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D, Chattaway. 4s. 
8o». EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embanicments, &c. By J. Wiggins, F.G.S. as. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 45.^ 

117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated. 2s. 6d.t 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by Henry 
Law, C.E., revised by D. K. Clark, C.E. ; II. Recent Practice, including 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITAR Y WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms of 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slagg, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuhl 
Hughes, C.E. Sixth Edition, re- written and much Enlarged by Willlam 
Richards, C.E. With 72 Illustrations. 4s. 6d.t 

213. PIONEER ENGINEERING. A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

(^" The X indicates thai these vols, may be had strongly bound at td. extra. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES^ the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Building^s, and for Hoisting Goods. By 
TosBPH Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated, is. 6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Bkckbtt (late Edmund Beckett Denison), LL.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th)y with very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as applied to drive Flour Mills, 

and to give motion to Turbines and other Hydrostatic Engines, By Joseph 

Glynn, F.R.S^ &c. New Edition, Illustrated, as.* 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmvth, C.E. as. 6d.t 
139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. is. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, &c. With copious Receipts, &c. By Walter Graham. 2s.t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship -building, Sec, &c. By T.G. Winton. Illustrated. 3s. t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.i 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.t 
200. FUEL, its Combustion and Economy. By C, W. Williams, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, «cc.— by D. K. 
Clark, M.I.C.E. 2nd Edition. 3s.6d.t 
202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 

large addi^ionsjjy D. KiNNEAR_CLARK^M.T.C.E._^3s.t 



211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. 3s.t [Just published. 

217. SEWING MACHINERY: a Manual of the Sewmg Machine; 

comprising its Construction, History, &c., with full Technical Directions 
for Adjusting, &c. By J. W. Urquhart, C.E. 2s.t 

223. MECHANICAL ENGINEERING, Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. 6d.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive, containing full information of the various Trades and Processes 
involved, with Hints on the proper Keeping of Carriages. By J. W. 

BUROBSS. 2S. 6d.t 

PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. [In the press. 

The % indicates that these vols, may be had strongly bound at 6d. extra. 
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SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 
51. NAVAL ARCHITECIURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for uie Use of Beginners. P>y 
Jamhs Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams, is. 6d.^ 
53». SHIPS FOR OCEAk AND RIVER SERVICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommbr- 
FBLDT, Surveyor of the Royal Norwegian Navy. "With an Appendix, is. 6d. 
53»». AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to. cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Ropes, See, relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robert 
Kipping, N.A. Fourteenth Edition. Illustrated. 2s4 
S4». IRON SHIPBUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^* " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it off. Part II. On 
Finding the Latitude and Longitude. By Jambs Greenwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals : the Rule of the 
Road at Sea; Rocket and Mortar Apparatus for Saving Life; the Law of 
Stohns ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. Hy W. H. Kossbr. 2S. 6d.J 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Tog;ether with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlai^ed. Illustrated. 3s. t 
83WJ. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W, 
Bland. Seventh Edition, revised,with numerous Illustrations and Models.i5.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Young, formerly Professor of Mathematics in 
Belfast College. Illustrated, as. 6d. 
100*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 
VouNG. IS. 6d. 

i6b. SHIPS' ANCHORS, 2iTre?XvsG on. By G. Cotsell, N.A. is.6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, Sec, frc. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N JL, 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Practical Enginerr. Revised by D. 

F. McCarthy, late of the Ordnance Survey Office, Southampton. 3s. 

55 PRACTICAL NAVIGATION Consisting of The SaUor's 

$1 Sea- Book. By Jambs Greenwood and W. H. Rosser. To^rether with 

2Qd ^^® requisite Mathematical and Nautical Tables for the Workmg of the 

*^' Problems. By Henry Law, C.E., and J. R. Young, formerly Professor of 

Mathematics m Belfast College. Illustrated with numerous Wood Kngrav- 

ings and Coloured Plates. 7s. Strongly half-bound in leather. 

f^T The t indicates that these vols, may be had strongly bound at 6d. extra. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTR K, for the Use of Beginners. By Professor George 

FowNBs, F.R.S. With an Appendix on the Apphcation of Chemistry to 
Agriculture, xs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates, js.t 

6. MECHANICS^ Rudimentary Treatise on ; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomunson. Illustrated, zs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With Additions hy R. Sabinb, C.E., F.S.A. is. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Kobbrt Sabine, C.E., F.S A. xs. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," «cc., 8tc. With 165 Woodcuts. 3s. 6d.t 
n. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A. 3s. 

12. PNEUMATICS, for the tfse of Beginners. By Charles 

Tomunson. Illustrated, xs. 6d. 
72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 

Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 

Appendix by Ralph Tatb, A.L.S., F.G.S. With numerous Plates and 300 

Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
•^f^*^. PHOTOGRAPHY, Popular Treatise on; with a Description of 

the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 

by W. H. Thornthwaite, Ph.D. Woodcuts, xs. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New Edition, with an Appendix on "Spectrum Analysis." Woodcuts, is. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Bakbr, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which Ts appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3s.t 

143. EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards tbeLight. III. History of the Modem Theoiy of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partiy based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S., 8tc. Woodcuts. 2s. 

174. HISTORICAL GEOLOGY, partiy based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., Sec. Woodcuts. 2s. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
& Historical. Partly based on Major-General Portlock's '* Rudiments of 
174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.* 
183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
& formerly Professor of Natural Philosophy and Astronomy in University 
184, College, Lond. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
^ *»• Sold also in Two Parls^ as follows : — 

183. Animal Physics. Hy Dr. Larunbr. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII.— XvIII. 3s. 

93^ 1^ ^ indicates that these vols, may be had strongly bound at 6d. extra. 
7, stationers' hall court, LUDGATK HILL, E.C. 
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MINING, METALLURGY, ETC. 
117. SUBTERRANEOUS SURVEYING, Elementaiy and Practical 
Treatise on. with and without the Magnetic Needle. By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.£. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts, as. 6d.t 

134. METALLURGY OF SILVER AND LEAD, A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts, as. 6d4 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

andbr Watt, F.R.S.S.A. 7th Edition, revised, with important additions, 
including the Electro-Deposition of Nickel, &c. Woodcuts. 3s.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Ry William Morgans, as. 6d.t 
172*. MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing a35 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s. 

176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. 4th Edition. 4s. 6d.t 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t 
195. I'HE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintbrn, Mining- and Civil Engineer. 3s. 6d.t 

214. SLATE AND SLATE ^^^i?^F/Ar6^, Scientirtc, Practical, and 

Commercial. By D. C. Davibs, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates. 3s.t 

215. THE GOLDSMITHS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By Georgb E. Geb, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. 3s. t 

225. IHE SILVERSMITHS HANDBOOK, containing full In- 
structions for the Alloying and Working' of Silver. By Gborgb E. Gee. 3s. t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
I N G, with Records of the Peculiarities oi Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By William Lintern, 
Mining and Civil Engineer and Surveyor, as. 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 

Students and Amateurs in Architecture. Paintine. &r. BvGborgk Pvne. as. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&4I. GLASS. From the German of Dr. Gksskkt and Kmanubl Uno From- 
BKKG. With .11- Apoendix on The Art '»f EnamuLmng. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer, as. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & I«ssons from the Best Masters. By Charles Child Spbncbr. is.bd. 
69-71. MUSIC AND THE PIANOFORTE. In one volume. Half 

bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Potter}', Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Feurth Edition, revised ana enlarged. 55.^ 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Kield. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

The t indicates that these vols, may be had strangely bound at 6d. extra. 
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AGRICULTURE, GARDENING, ETC. 

66. CLAY LANDS ^ LOAMY SOILS. By Prof. Donaldson, is. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining^ at sight the value of any quantity of Corn, 

from One Bushel to One Hundred Quarters, at any given price, from j^i to 

Jasper Or. With approximate values of Millstones, Millwork, &c. is. 

140. SOILS, MANURES, AND CROPS. (Vol. I. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott Burn. .^s. 

142. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 

Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
\* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outlines of 
Modern Farming." J3y Robert Scott Burn. Price 12s. 
177. FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 
198. SHEEP; THE HISTOR Y, STRUCTURE, ECONOMY, AND 

DISEASES OF. By W. C. Spoonbr, M.R.V.C, &c. Fourth Edition, 

enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 
201. KITCHEN GARDENING MADE EASY. Showing how to 

prepare and lay out the ground, the best means of cultivating every known 

Vegetable and Herb, with full cultural directions, &c. By George M. F. 

Glenny. is. 6d.t 
207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

zaiion of Farm Labour: Treating of the General Work of the Farm ; Field 

and Live Stock; Details of Contract Work; Specialities of Labour, &c., &c. 

By Robert Scott Burn. 2s. 6d.? 
208.. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 

Irrigation, Drainage, &c. By R. Scott Burn. 2s.6d.t 
•»• Nos. 207 &f 208 in One Vol., handsomely half -bound, entitled ** Outlines of 

Landed Estates and Farm Management." By R. Scott Burn. Price 6s. 

209. THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot- Herbs, &c. By Samuel Wood. 
Illustrated. 2s.X 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.t 
%• Nos. 209 6- 210 tn One Vol., handsomely half-bound, entitled *' Thy. Tree 
Planter, Propagator and Prunbr." By Samuel Wood. Price $s. 

219. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Fahners, Hay and Straw Dealers. &c., 
forming a complete Calculator and Ready- Reckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butten and Cheese, Eggs, Poultry, 
and Pigs. Hy Prof. John Donaldson and R. Scott Burn. 3s. 6d.* 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Bal'ET. With Illustrations. 2s. 6d.t [Just published. 

232. COTTAGE GARDENING ; or, F.owers, Fruits, and Vegetables 

for Small (wardens. By E. Hobday, is. 6d. [Just published. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 

[Just published, 
fgi^ The X indicates that these vols, m ay be had strongly bound at bd. extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 



lO \VEALE*S RUDIMENTARY SERIES. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 
their Construction and the Methods of Testing, Adjustinsr, and Usin? them 
are concisely Explained. By J. F. Heather, M.A.. of the Royal Military 
Academy, Woolwich. Originail Edition, in x vol., Illustrated, xs. 6d. 
\* In ordering the above, be careful fo say, " Original Edition '» {No. 32), to distin- 
guish it from the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranisred for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. Hy 
T. Raker, C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated with Plates and Diagrams, as.t 
ti*. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. tO;^i per acre, and 
Tables for the Valuation of Land, from is. to ;^i,ooo per acre, and from one 
pole to two thousand acres in extent, &c., &c. xs. 6d. 

'jS. DESCRIPTIVE GEOMETRY, an Elementary Treadse on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with X4 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, ana Perspective: 

^ving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. [/« preparation, 

*♦* TJu above three volumes will form a Complete Elementary Course of 
Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, xs. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B^ J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84** A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, xs. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
gc*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslbv. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, xs. 6d. 
88. EUCLID, The Elements of : with many additional Propositions 
8q and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d.t 

•»* Sold also separately, viz. : — 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

89. EucuD, Books 4, 5, 6, xx, 12. By Henry Law, C.E. xs. 6d. 

Ht ^ ** The t indicates that these vols, may be had strongly bound at td. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 
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Arithmetic, Geometry, Mathematics, eXc^ continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jambs Hann, late Mathematical Master of 
Kind's College School, London. A New Edition, re- written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR K, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. • 
%• Or with " The Elements of Plane Trigonometry** in One Volumey 2S. 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMBRSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 

loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusK, F.R.A.S., &c. IS. 6d. 
loS. MNEMONICAL LESSONS. — Gkouktky, Algebra, and 

Trigonometry, in Easy Mncmonical Lessons. By the Rev. Thomas 

Penyngton Kirkmav, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by Abraham Arman. 
is. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing—I. Instruments emploved in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
11.^ Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A^ late of tne Royal 
Military Academy. Woolwich, Author of " Descriptive Geometry," See, &c. 
Illustrated, is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By L F. Heather, M.A. Illustrated, is. 6d. 
%* The above three volumes form an enlargement of the Author's original work. 
"Mathematical Instruments: their Construction, Adjustment^Testingyandl/sey 
the Thirteenth Edition of which is on sale, price is. 6d. {See No. 32 in the Series.) 

zeA.>k MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. > M.A. Enlarged Edition, for the most part entirely re- written. The 3 Parts as 
lyo.y above, in One thick Volume. "With numerous Illustrations. 4s. 6d.t 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 2s. 6d.t 
185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, S<)uare-sided, Octagonal- 
sided^ Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal - 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By F£dor Thoman. 4s.t 

The X indicates that these vols, may be had strongly bound at 6d. extra, 

7, stationers' hall COURT, ludgate hill, e.c. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

199. INTUITIVE CALCULATIONS ; or, Easy and Compendious 
Methods of Performing^ the various Arithmetical Operations required in 
Commercial and Business Transactions^; together with Full Explanations of 
Decimals and Duodecimals, several Useful Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. R. Young, 
formerly Professor of Mathematics in Belfast College. 354 

204. MA THEM A TICA L TABLES^ for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for ^avieation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.} 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA^ 
TIONSt and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2s.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples; also the Methods of Analysing Principles and De- 
ducing Rules and Formulae, applicable to the Requirements of Practice. 
By Fkancis Campin, C.E., Author of "Materials and Construction," &c. 
Second Edition, revised and enlarged by the Author. 3s.t [Just published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHM- 
OLOGY, the FINE ARTS, (^c. By John Whale. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations. 5s. cloth limp ; 6s. cloth boards. 
SO. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 35.* 
112. MANUAL OF DOMESTIC MEDICINE, By R. Gooding, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. 2s.t 
112*. MANAGEMENT OF HEALTH. A Manual of Home and 
Personal Hygiene. By the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmbns. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to die 
Emigrant. With a Map of the World. 2s. • 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2S. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forthe 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 Woodcuts. «.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work. Dairy 

Man^ement, the Table and Dessert, Cellarage of Wines, Home-brewing 

and Wine-makin^f the Boudoir and Dressing-room, Travelling, Stable 

Economy, Gardening Operations, &c. By An Old Housekbbper. 3s. 6d.t 

194. HOUSE BOOK {The). Comprising :— I. The House Manager. 

112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 

o^ ' M.D. III. Management of Health. By James Baird. In One Vol., 

. strongly half-bound. 6s. 

112*. 

8^* 7^h€ X indicates that these vols, may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND CO., 
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EDUCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 
Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edward Lbvien, M.A., of Balliol 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, as. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. is. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fourth Edition, is. 6d. 
II*. Philology : Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or &erman, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarkb, D.C.L. xs. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., fs.ed. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. ^ ^^ , 

49. Derivative Spelling-Book : Giving the Origin of Every Word 
■ from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Sjjanish, 

and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. _ , . , 

51. The Art of Extempore Speaking: Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2s.6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Georgb E. Wbbster. as. 

THE SCHOOL MANAGERS' SERIES OF READING 
BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Introductory Primbr, ^d. 

s. d. 
Fourth Standard ...12 
Fifth „ ...16 

„ . _ Sixth „ ... 1 6 

Lbssons from thb Biblb. Part I. Old Testament, is. , . , . ,, , 

Lessons from the Bible. Part II. New Testament, to which is added 

The Geography op the Bible, for very young Children. By.Kev. C. 

Thornton Forster. is. 2d. •«* Or the Two Parts m One Volume, as. 



*. d. 

First Standard . .06 
Second „ . . o 10 

Third 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Stilauss, Ph.D. is. 6d. 

2$. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mining, 8tc. By Alfrbd Elwbs. is. 6d. 

26. English-French Dictionary. By Axfred Elwks. ss. 
25,26. French Dictionary (as above). Complete, m One VoL, 3s. ; 
cloth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 48. 6d. 

47* French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 
41-43. German Triglot Dictionary. By Nicholas Esterhazt 

S. A- Hamilton. In Three Parts. Part I. German-French-English. 
Part II. English-German-French. Part III. French-German-English. 
3s., or cloth boards, 4s. 

4»-43 German Triglot Dictionary (as above), together with German 

Sc 39. Grammar (No. 39), in One Volume, cloth boards, 58. 



ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elv^s. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
Vol. z. Italian-English-French. 2s.6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. 2s. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian-English. 2s. 6d. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 7s. 6d. 
32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-Ei^glish and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining* Engineering, &c., 
with the proper Accents and the G«nder of every Noun. By Alfred Elwbs. 
4s. ; cloth boards, 5s. %* Or widi the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Pi-actical Form. 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese- English and English- Portuguese Dic- 

tionary, with the Genders of each Noun. By Alfred Elwes. 

[/« preparation, 

HEBREW. 

46*. Hebre-w Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Kabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, with 

46*. the Grammar, cloth boards, 12s. 

LONDON : CROSBY LOCK WOOD AND CO., 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. as. 
22. English-Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Youno. is. 6d. 

2. CaesarisCommentariideBelloGallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilll Maronis Bucolica et Georgica. With Notes on the Buco- 

Mcs by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis iEneis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. With copious Addi- 
tional Notes by Rev. T. U. L. Lbary, D.C.L., lormerly Scholar ot Brasenose 
College, Oxford. 3s. 

5* Part I. Hooks i.— vi., is. 6d. 

5*» Part 2. Books vii.— xii., 28. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. , „, ^ 

7. Horace ; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. as. 

11. Terentii Eunuchus, Comcedia. Notes, by Rev. J. Davies, M.A. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
Jambs Davibs, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigg Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. YouNG and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 
16*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6u. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donnb, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Florus, Velleius Paterculus, Valerius Maximns Sneto- 
nius, ApijJeius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes byX. H. S. 

EscoTT, B.A., Lecturer on Logic at King's College, London. 28. 

7, stationers' hall COURT, LUDGATE HILL, E.G. 
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GREEK. . 

14. Greek Grammar, in accordance with the Principles and Pliilo- * 
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